^^OZdQKDO 


AD-A286  146  : 


MtNTtJION  CAGE 


OM8  ft'rt 


tfc*  1  «h*4i  *<•*  .'t-  <■  '  <•*►-■■■•■*)  c-.: 

f»f  •»*#  »*♦  I  «•*»#«• 't*M»  •*  !#.<«».•••*•*►•  s»r>m  ■  •*»»»  h--jr  m*  ■  ttt  ■  i-  ■  ■•••r  (a  (  ?  s  ■■■•■■■•*> 

<•  »i***v.*‘«  •«»  •••f  #•.«»«»  -...  '  fit.  »•  .*.■...■1  ‘  i  I  >  ►Jt.f-svi 

I  i<  ri<  It*  — r"'  it  ***»<•»-♦  •»•»»#«"•«? '«m  4  -  M)  •/!.*.. .  w;,-.  *h 

MCvSrnjiTl  r*  »tcu«l  HCI  **•«  0*tl»  UvEiKl;  j.— ""a 


_  m/mm  | 

I.  HflfTJrti  iUiJiiij 

Kfctll  8U«1I  CdklMIIMtiM  Miff'r  Mi  MiWilU  *€•■«  AtttltMif,  f«H 
I,  fiiM  fttMtCM  i\.M,  MVIIIOI  1 


itjvdid; 

I  \ 

[I.  HjULnUii  ^  j  j 


Mir***MM 


n  i*  »  mf 


I.  U«<>AMIiAllU«l  HAMn^j  AMU  AI>UC 

IMtCS  Mtwtcit.  IK. 

CMfwn,  CO 


)  i  »  I  s  . 
I  r:  I  f:  TM  : 


ELLClu 

NC  <  1  4  !  / '  t 


I 

]l 

L  ih  • 


7OOf.R05 


[i.  IK>M^U«tH<t/ MOMlIUMtMti  ACjIMCV  MAMtIlJ  AmI 


AC  i  E<  C  T  « I  !■  'w  s  f  fi  1;  i/t,  £  R 


tm  roaic  am  kA^Aaooui  MiitiAit  ag<kt 

AMASCEi  MOVIM  MOUHB,  W 


[Tt,  kwmiMtMfAAY  MUU^ 


I  (AkTAMuTlOM/ AVAICA«i1..Tr  iTAUMtMT 


34"“ 3 5 00 

iniiaaii 


X»fWOVlO  ro*  FU8LIC  WCLlASEj  DISTFIIIUTIOM  IS  UMLIMITEO 


11.  AAi tract  {Mttimxjm  JOO  *roim) 

THE  OBJECTIVE  OF  THE  PRESENT  TASK  IS  TO  COHCUCT  CONTAMINATION  SURVEYS  ATJD 
mMEDIXL  ACTION  ASSESSMENTS  POR  THE  SOUTH  PLANTS  AHEA.  THE  COSTAHINATIOST 
SOEVETS  AAE  DESIGNED  TO  1)  ASSESS  THE  DEGREE  AND  TYPES  Of  07NT AM I N AT I OT)  WITHIN 
THE  SOOTH  PLANTS  AREA  AND  2)  SUPPORT  THE  DEVELOPMENT  AND  AS.IESSMENT  OF  FEASietS 
REMEDIAL  ACTIONS.  THE  POCUS  OP  THE  STUDY  WILL  3E  CONTAMINATION  SOURCES  JVtTKKR 
THAN  CONTAMINANT  PATHWAYS.  THUS,  THE  ACTIVITIES  TO  BE  CONDUCTED  WITHIN  THE 
SCOPE  OP  THIS  TECHNICAL  PLAN  WILL  CONSIST  PRIMARILY  OP  THE  (OLLECTION  OF  SOIL 
SAMPLES  AND  VARIOUS  BUILDIHO  SAMPLES  POR  CHEMICAL  ANALYSIS.  BASED  ON  THE 
RESULTS  OP  CHEMICAL  ANALYSES,  THE  SE/ERITY  AND  SIGNIFICANCE  OP  CONTAHINATIOSl 
WILL  BE  ASSESSED.  IN  A  PARALLEL  EPPi5RT,  E8ASCD  WILL  IDENTIIY  VIA3LH  PSMEOIAL 
ACTION  MEASURES  AND  ASSESS  THEIR  COST-BENEFIT  IMPLICATIONS. 
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2.  CHEMICAL  SAMPLING 


04  7. 


l^iuL'lCT  TtSMS 

aanrTj;cK  iMKxaLM,  umti  bi»(jw4,,  mil  miik  9*t».  wro,  caoMAArtt 
INKtlK.  aOTtCMlCM.  WOUIKINRTI 


IS.  Of  f-iVGJS 


16,  F.?iCi  CCCE 


17.  SiOjmTT  CLASlsJCATiON  i|.  SUviiUT  CL*SSl»lCAT!ON  1».  S«CU«:rr  CL*SSif ^CATiON  TJo.  LIGGT.4rH5*rBTr?Tff ;  i 

u^JLmiro  o.  THIS  MCI  07*,sTRAa  | 


jN  >-'’-.'..>0  :;:0 


Sta-SJ-c  ;?'f)  '“(■V  2-69i 


I 


TASK  t  TtOmCAi  KM 
•ivfilOA  1  •  l/tS 


riML 

TtO«llCAL  Km 

AUGUST  lltS 
MIVISTCM  1 

TASK  NO.  2  (SOUTH  fUMTS) 
CWniACT  NO.  0A«ll^-O-O017 


Acc«t».'  ■  y  \ 

NTIS  r.?*/.  \} 

one  I'' 1 

^  V  JeJ 

file  copy 

J,  .(■!  ■ij- 

By 

Rocky  Mountain  Arsenal 

Ot*.,' 

Information  Center 

A  , 
t>  1 

Commerce  City,  Colorado 

TM|  yiWS,  IfflMIOKS,  MC/OR  FIJCIMSS  OTAINEO  IN  THIS  REPORT  ARE  THOSE  OF 
T>€  AUTHOR(S)  WC  SMOmi)  «T  8E  CONSTRUED  AS  AN  OFFICIAL  CEPflRT>CNT  OF  T>€ 
tmr  POSITION,  fOLICr,  or  decision,  unless  so  OESICNATEO  St  other 
OOQACNTATION. 

T»C  USE  OF  TRACE  HANES  IN  THIS  REPORT  OCES  NOT  CONSTITUTE  AN  OFFICIAL 
EMQQRSOENT  OR  APWCtAL  OF  T>C  USE  OF  SUCH  CtSACRCIAL  PROCaXTS.  THIS  REPORT 
NAY  »€jT  BE  CITED  FOR  PJRPOSES  OF  ACJVERT  1SE)CNT . 


TASK  2  TECHNICAL 
RivUlon  1  -  8/85 


imi  OF  CONTENTS 


PAGE 


1.0  HfTROGuaiOi  1-1 

1.1  OMCTlptlon  of  tho  ProblM  1-1 

1.2  South  Plontt  Atm  1-2 

1.2.1  BulUing  Uuga  1-2 

1.2.2  MtU  OlspoMl  1-3 

1.2.3  CroundMottr  Conditions  1-3 

1.3  StMMTy  of  Tochnicol  Approach  1-4 

2.0  evaluation  of  BAOCGNOLN}  data  2-1 

2.1  OiU  Conpilation  2-i 

2.1.1  Initial  Slta  Racomaissanca  2-1 

2.1.2  Litaratura  Ravltw  2-2 

2.2  Building  Prof lias  2-2 

2.3  Spacific  Contvsination  Souxcas  2-3 

3.0  FKID  SAM»IING  PW3GRA>«  3-1 

3.1  Introduction  3-1 

3.1.1  Support  Facilitias  3-2 

3.1.2  Support  Activitias  3-4 

3. 1.2.1  Topographic  Survays  3-4 

3. 1.2. 2  Dacontanlnaton  of  Ec^ipment  and  Materials  3-4 

3. 1.2. 3  Nasta  Disposal  3-5 

3.2  Caophyslcal  Program  3-5 

3.2.1  Caophyslcal  Racormaissanca  Surveys  3-5 

3. 2. 1.1  Praliminary  Tast  Activities  3-5 

3.2. 1.2  Confirmation  of  Buried  Utilities  3-12 

3. 2. 1.3  Survey  of  uxo  and  Other  Buried  Objects  3-13 

3. 2. 1.4  Borahola  Surveys  3-15 

3.3  Soil  Boring  Program  3-15 

3.3.1  Prograa  Objectives  3-15 

3.3.2  Phase  I  Program  3-20 


i 


TASK  2  TECHNICAL  PLAN 
Rtvislon  1  -  8/85 


TASLC  OF  CONTENTS  (Continutd) 


PAGE 

3.3  Soil  Boring  Program  (Continuod) 


3.3.3  Slto  Oiscrlptions  and  Locations  of  Soil  Borings  3-21 

3.3.4  Evaluation  of  Phasa  I  Soil  Boring  Data  3-43 

3.3.3  Phasa  II  Program  3-44 

3.3.4  Locations  and  Nusbar  of  Phasa  II  Soil  Borings  3-44 

3.3.7  Monitoring  Nalls  3-43 

3. 3. 7.1  Location  of  Qbsarvation  walls  3-43 

3. 3. 7. 2  Aquifar  Tasting  3-43 

3. 3. 7. 3  Groundwatar  Sampling  3-43 

3.4  Building  and  Oisposal  Systam  Sampling  3-44 

3.4.1  Sampling  Plan  Sunmary  3-44 

3.4.2  Program  Oasign  3-47 

3.4.3  Phasa  lA  Building  Sampling  Program  3-47 

3.4.4  Phasa  IQ  Sampling  3-33 

3. 4.4.1  Procass/Oisposal  Facility  Sampling 

Locations  3-34 

3. 4. 4. 2  Soil  Borings  in  Vicinity  of  Oisposal 

Facility  3-37 

3. 4. 4. 3  Data  Analysis  for  Phasa  lA  «iti  Phase  IB  3-57 

4.0  CHEMICAL  ANALYSIS  PLAN  4-1 

4.1  Introduction  4-1 

4.2  Sample  Matrices  and  Sumrary  of  Analytical  Methods  4-2 

4.2.1  Sample  Matrices  4-2 

4.2.2  Summary  of  Phase  I  Analytical  Methods  4-3 

4.2.3  Summary  of  Phase  II  Analytical  Methods  4-4 


11 


TASK  2  TECHNICAL  PL/! 
Revision  1  -  8/85 


TA8L£  OF  CONTENTS  (Continued) 


PAGE 


5.0  QUALITY  ASSURANCE/QUALITY  CONTROL  PLAN  5-1 

5.1  Project  QA/QC  Plan  5-1 

5.2  Specific  Project  Requirements  5-3 

5.2.1  Geotechnical  Requirements  5-3 

5.2.2  Field  Sampling  5-3 

5.2.3  Laboratory  Quality  Assurance  Procedures  5-4 

5.2.4  Laboratory  Analytical  Controls  5-4 

5.2.5  Laboratory  Data  Management,  Data  Review  and 

Validation  and  Reporting  Procedures  5-5 

4.0  DATA  MANAGE)CNT  PLAN  6-1 

6.1  Plan  Overview  6-1 

6.2  Field  Activities  6-1 

6.3  Data  Entry  and  Validation  6-2 

6.4  Analysis  and  Presentation  6-4 

7.0  HEALTH  AK)  SAFETY  PLAN  7-1 

8.0  CONTAMINATION  ASSESS»€NT  8-1 

8.1  Type,  Magnitude,  Distribution,  and  Extent 

of  Contamination  8-1 

8.2  Factors  Influencing  Contaminant  Distribution 

and  Mobilization  8-2 

8.3  Relationship  of  Existing  Building  Contamination 

to  Past  and  Present  Soil  Contamination  8-3 

8.4  Significance  of  Soil  Contamination 

(Criteria  Development)  8-4 


TASK  2  TECHNICAL  PLAN 
Revision  1  •  8/85 


TABLE  OF  CONTENTS  (Continued) 


W»PENDICES 

Appendix  A  -  References 

Appendix  B  -  Preliminary  Building  Profiles 

Appendix  C  >  Sample  Selection  Guidelines  for  Building  Smples 


Iv 


TASK  2  TECHNICAL  PLAN 
Revision  1  -  8/85 


LIST  OF  FIGURES 


FOaOWING 


HGURE 

3.1-1 

Support  Facility  Locations  in  the  South  Plants  Area 

PAGE 

3-3 

3.3- 1 

3.3- 2 

Contaminant  Source  Location  Map 

Empirical  Curve  to  Oetemine  Boring  Spacings  Based 

3-16 

3.3-3 

on  Areal  Extent  of  Sites 

Boring  Location  Hap  -  Contaminant 

Source 

1-8 

3-17 

3-22 

3.3-4 

Boring  Location  Hap  -  Contamination  Source  1-10 

3-22 

3.3-5 

Location  of  Reported  Spill  Sites, 

1-13 

3-23 

3.3-4 

Boring  Location  Hap  -  Contaminant 

Source 

2-14a 

3-32 

3.3-7 

Boring  Location  Hap  -  Contaminant 

Source 

2-140 

3-32 

3.3-« 

Location  of  Reported  Spill  Sites, 

2-18 

3-34 

3.3-9 

Boring  Location  Map  -  Contaminant 

Source 

1-5 

3-35 

3.3-10 

Boring  Location  Hap  -  Contaminant 

Source 

2-3 

3-36 

3.3-11 

Boring  Location  Map  -  Contaminant 

Source 

2-7 

3-37 

3.3-12 

Boring  Location  Hap  -  Contaminant 

Source 

2-2 

3-37 

3.3-13 

Boring  Location  Hap  -  Contaminant 

Source 

2-6 

3-38 

3.3-14 

Boring  Location  Hap  -  Contaminant 

Source 

l-3a  and  1-30 

3-39 

3.3-15 

Boring  Location  Hap  -  Contaminant 

Source 

1-4 

3-39 

3.3-16 

Boring  Location  Hap  -  Contaminant 

Source 

1-11 

3-40 

3.3-17 

Boring  Location  Hap  -  Contaminant 

Source 

2-4 

3-40 

3.3-18 

Boring  Location  Hep  -  Contaminant 

Source 

2-5 

3-41 

3.3-19 

Boring  Location  Map  -  Contaminant 

source 

2-8 

3-41 

3.3-20 

Boring  Location  Hap  -  Contaminant 

Source 

2-9 

3-42 

3.3-21 

Boring  Location  Hap  -  Contaminant 

Source 

2-12 

3-42 

3.3-22 

Boring  Location  Hap  -  Contaminant 

Source 

2-13 

3-43 

TASK  2  TECHNICAL  PLAN 
Revision  1  •  8/85 


LIST  OF  FIGURES  (CONTINIED) 


FIGURE 

FOLLOWING 

PAGE 

3.4-1 

Building  Sampling  Program  Decision  Diagram  for 

Rocky  Mountain  Arsenal  South  Plants  Area 

3-46 

3.4-2 

Phase  I  Sampling  of  Buildings  Occupied  Jointly 

By  Shell  and  Army  and  by  Shell  Only 

3-47 

3.4-3 

Phase  I  Sampling  for  Buildings  Occupied  hy  Army  Only 

3-47 

3.4-4 

Sanitary  Sewer  System  in  the  South  Plants  Area 

3-54 

3.4-5 

Contaminated  Waste  Sewer  System  in  the  South 

Plants  Area 

3-55 

3.4-« 

Locations  of  Samples  from  Storm  Drainage  System 

in  the  South  Plants  Area 

3-56 

<.1-1 

Data  Flow  Between  Cbasco,  UBTL,  CAL  and  IR-ONS 

6-1 

6.3-1 

Laboratory  Data  Flow  to  the  IR-OHS 

Univac  1100/61  System 

6-2 

6.3-2 

Streamlined  Data  Collcction/Entry  Procedure 

6-4 

8.4-1 

Probability  Distributions  Representing  Degree  of 

Certainty  that  Various  Contaminant  (X)  Soil 
Concentrations  will  Result  in  an  acceptable  Oose  Level 

8-5 

Vi 


TASK  2  TECHNICAL  PLAN 
Revision  1  -  8/85 


LIST  OF  TABLES 


FOLLOWING 


TABLE  PAGE 

3.3- 1  Soil  Sampling  Depth  Intervals  3-17 

3.3- 2  Phascj  I  Soil  Boring  and  Sampling  Program  3-43 

3.3- 3  Suntnary  of  Geotechnical  Program  3-44 

3.3- 4  Phase  II  Soil  and  Sampling  Program  3-44 

3.3- 5  Phase  II  Monitor  Weils  3-45 

3.4- 1  Rocky  Mountain  Arsenal  Buildings  in  Sections  1  and  2  3-43 

4-1  Phase  lA  Analyses  -  Reconnaissance  Survey  4-1 

4-2  Phase  18  Analyses/Solid  Matrix  4-1 

4-3  Phase  II  Analyses/Solid  and  Water  Matrices  4-2 


vii 


TASK  2  TECHNICAL  PLAN 
"'vision  \  -  8/85 


1.0  INTRODUCTION 


1.1  Description  of  the  RMA  Problem 

The  Rocky  Mountain  Arsenal  (RMA)  is  located  in  western  Adams  County, 
northeast  of  Denver,  Colorado.  RMA  was  established  in  1942  as  a 
manufacturing  facility  for  the  production  of  mustard  gas.  Subsequent 
military  uses  included  the  production,  handling,  or  demilitarization  of  G8 
nerve  agent.  Lewisite,  arsenous  chloride,  chlorine,  cyanogen  chloride  (CX), 
phosgene  (CG),  and  incendiary  bombs.  In  1946,  excess  facilities  at  the 
South  Plants  area  were  leased  by  tne  Julius  Hyman  Co.  for  the  production  of 
insecticides.  The  chemical  division  of  the  Colorado  Fuel  and  Iron  Company 
leased  several  facilities  in  the  South  Plants  area  in  the  early  1950* s. 
Products  manufactured  by  CF6I  included  chlorobenzene,  DOT,  naphthalene, 
chlorine,  and  fuzed  caustic.  In  the  early  1950's,  the  Shell  Chemical 
Company  (SCC)  began  insecticide  production  in  leased  facilities  within  the 
South  Plants  area,  generally  as  successor  to  the  Julius  Hyman  Co.  This 
activity  continued  until  recent  years,  and  SCC  still  leasas  facilities  at 
the  South  Plants  area.  SCC  has  also  reportedly  constructed  66  buildings  and 
108  tanks  in  the  South  Plants  area. 

The  industrial  wastes  from  all  operations  of  the  government  and  its  lessees 
were  initially  discharged  just  north  of  the  South  Plants  area  into  Basin  A, 
an  unlined  basin  in  Section  36.  Subsequently,  wastes  were  discharged  into 
four  other  unlined  basins,  as  well  as  Basin  F  which  was  constructed  with  an 
asphalt  ILner.  Some  of  the  basins,  pits,  bum  sites,  sewers,  and  structures 
(buildings,  pipes  and  tanks)  became  scurcas  of  ground-water  contamination. 

In  1954,  farmers  near  RMA  claimed  that  their  crops  had  been  damaged  by  ground 
water  used  for  irrigation.  In  May  of  1574,  diisopropylmethylphosphonate 
(DIMP)  and  dicyclopentadiene  (DCPO)  were  detected  in  surface  water  at  the 
northern  boundary  of  the  arsenal.  Later  that  year  the  Colorado  Department- 
of  Health  (CCH)  detected  DIMP  in  a  well  north  of  the  arsenal.  As  a  result, 
the  COH  issued  cease  and  desist  orders  in  April,  1975,  directing  SCC  and  RMA 
to  Inwadiately  stop  the  off -post  discharge  of  DI^i*  and  DCPO  in  surface  and 
subsurface  water. 
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As  a  result  of  the  C2H  cease  and  desist  orders,  a  contamination  control 
program  at  RHA  was  established  to  insure  compliance  with  Federal  and  State 
environmental  laws.  As  a  result  of  this  program,  sources  of  contamination 
have  been  identified,  pathways  by  which  contaminants  migrate  into  the 
environment  have  been  delineated,  and  three  ground-water  treatment  systems 
have  been  installed  at  the  northern  and  northwestern  boundaries  of  RHA  to 
intercept,  treat,  and  replace  contaminated  ground  water. 

Two  law  suits  have  been  filed  as  a  result  of  the  contamination  at  RHA.  The 
first  suit  was  filed  by  the  Department  of  Justice  on  behalf  of  the  Department 
of  the  Army  against  Shell  Chemical  Company  for  reimbursement  of  environriont 
response  costs  and  for  damage  to  the  natural  resouces  at  RHA.  The  second 
suit  was  filed  by  the  State  of  Colorado  on  behalf  of  the  Colorado  Department 
of  Health  against  the  Shell  Chemical  Company  and  the  U.S.  Department  of  the 
Army  for  environmental  damages  both  on  and  off  RHA. 

1.2  South  Plants  Area 

1.2.1  Building  Usage 

Hore  than  300  buildings,  tanks,  and  foundations  have  been  identified  in  the 
South  Plants  area.  The  Army  used  the  South  Plants  for  the  production, 
filling  and  storage  of  mustard,  lewisite,  phosgene,  white  Phosphorous, 
chlorine,  incendiary  mixtures,  hydrazine,  and  explosive  button  bombs.  Since 
1946,  parts  of  the  South  Plants  have  been  leased  to  private  companies  for 
the  manufacture  of  chlordane,  CX)T,  dieldrin,  aldrin,  and  other  pesticides. 
Shell  Chemical  Company,  which  has  leased  sever :»1  of  the  South  Plants  build¬ 
ings  for  almost  40  years,  has  also  constructed  over  130  buildings  and  tanks 
in  the  South  Plants  area.  Additional  details  regarding  the  usage  and  nature 
of  buildings  and  other  structures  in  the  South  Plants  area  are  given  in 
Appendix  A  of  this  Technical  Plan. 

1.2.2  Waste  Disposal 

Host  of  the  waste  products  generated  at  the  South  Plants  area  were  disposed 
of  in  Section  36.  Liquid  wastes  sere  conveyed  by  ditches  and  pipelines  to 
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Basin  A,  and  latex  to  Basin  F.  Potentially  contaminated  surface  water 
runoff  was  channeled  through  drainage  ditches  toward  the  Sand  Creek  lateral 
and  Upper  and  Lower  Derby  Lakes.  Solid  wastes  were  generally  buried  in  pits 
or  trenches  in  Section  36,  although  some  disposal  pits  and  trenches  were 
occasionally  dug  in  the  South  Plants  area.  A  salt  storage  area  and  two  sani¬ 
tary  la"'c1fills  were  also  located  in  the  South  Plants  area.  Further  details 
regarding  waste-disposal  practices  in  the  area  are  given  in  Section  3.3. 

1.2.3  Groundwater  Conditions 

The  ground-water  conditions  in  the  South  Plants  area  ore  quite  complicated. 
The  movement  of  contciminarits  is  affected  by  the  existing  ground-water  mound, 
interaquifer  flow  between  the  alluvium  and  the  Denver  Formation,  ground- 
water  and  lake  interactions,  and  surface-water  ground-water  interaction. 

The  major  water  bearing  geologic  formelions  in  the  South  Plants  area  consist 
of  the  alluvium  and  the  Denver  Formation.  The  alluvium  consists  of  clay, 
silt,  sand  and  gravel.  The  underlying  formation  is  the  Denver  Formation, 
which  consists  of  carbonaceous  shale  and  claystone  with  sandstone  and 
siltstone  lenses. 

A  water-table  mciiod,  believed  to  have  been  created  by  leaking  water  lines, 
has  formed  below  the  South  Plants  area  with  flow  lines  radiating  out  from 
the  top  of  the  mound  in  all  directions.  A  gro'jnd-water  divide  (or  no-flow 
boundary)  has  been  created  at  the  confluence  of  the  regional  flow  system  and 
that  of  the  mound.  As  a  result,  underflow  entering  RMA  from  the  southeast 
is  forced  to  turn  cither  eest  or  wst  around  the  South  Plants  area.  Water 
flowing  south  from  the  mound  area  Is  forced  to  change  direction.  As  the 
regional  uriUerfiow  Tiuv'es  away  frem  'cho  mound,  flou  Is  toward  the  rest  to 
northwest  and  the  northeast. 

Vertical  f*-Tw  conditions  also  occur  under  the  Arsenal.  The  results  of 
different  programs  indicate  that  there  is  much  interchange  of  ground  water 
between  tl:B  strLigers  of  lOenver  Sands  and  the  alluvium. 
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In  addition,  nany  of  the  analyses  of  subsurface  fluids  in  the  South  Plants 
arte  indicate  high  concentrations  of  hydrocarbon  products  such  as  benzene. 
Patroleun  products,  such  as  benzene,  are  less  (tense  than  and  are  relatively 
imiscible  in  aatar  (there  are  also  products,  such  as  carbon  tetrachloride, 
that  era  nore  dense  than  water  and  sink  to  the  bottom  of  the  aquifer).  As  a 
consequence  of  this,  the  product  itself,  oil  or  its  derivative,  migrates  in 
the  unsaturated  zone,  above  the  water  table.  At  the  water  table,  some  of 
the  product  does  go  into  solution,  and  then  migrates  with  the  ground  water. 

1.3  Summary  of  Techrical  Approach 

The  objectives  of  the  present  task  are  to  conduct  contamination  surveys  and 
remedial  action  assessments  for  the  South  Plants  ares.  The  contamination 
surveys  are  designed  to  assess  the  degree  and  types  of  contaminetion  within 
the  South  Plants  area,  and  to  support  the  development  and  assessment  of 
feasible  remedial  actions.  Althou^  ground  water  has  been  determined  to  be 
the  princifel  environmental  pathway  for  contamination  from  RNA  and  SCC 
facilities,  the  current  study  will  focus  on  the  sources  of  contamination  at 
the  South  Plants  area  ratner  than  contamlr vit  pathways.  Consequently,  the 
activities  to  be  conducted  within  the  scr  )e  of  this  Technical  Plan  will 
primarily  consist  of  the  collection  of  soil  samples  and  various  building 
samples  for  subsequent  chemical  analysis.  A  limited  number  of  new  ground 
water  monitoring  wells  will  also  be  constructed  in  areas  where  ground>wetar 
contamination  is  believed  to  be  likely  but  i^ere  previous  investigations  mny 
have  been  inadequate  to  characterize  local  ground-water  contaminetion.  Soil 
samples  will  generally  be  collected  from  >  h  unsaturated  zone  extenoing  from 
land  surface  (tewn  to  the  local  water  table.  However,  where  contairinatlon 
sources  may  lie  below  the  water  table  (e.g.,  trenches  or  buried  pipelines), 
soil  se-nples  will  be  collectsd  from  the  satureted  zone  below  the  water 
table.  Building  temples  will  be  taken  from  dust  during  Phase  lA  and 
liquids,  tanks,  vats,  tumps,  sewer  lines,  and  other  sources  during  Phase 
18.  Ground-water  samples  will  bo  collected  from  those  new  monitoring  wells 
Installed  in  the  South  Plants  area  during  the  course  of  this  ectlvlty. 
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Based  on  the  results  of  chefflical  analyses,  the  severity  and  significance  of 
contamination  will  be  assessed  according  to  criteria  developed  by  a  separate 
^Int  group  of  experts  designated  by  USATHAHA.  In  a  parallel  effort,  Ebasco 
will  Identify  viable  remedial  action  measures  and  assess  their  cost-benefit 
Implications.  Based  on  these  considerations,  feasible  remedial  action 
alternatives  will  be  determined. 
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2.0  evALmnoN  of  bkxgroim}  data 


2.1  OiU £«?W!il>iUaP. 

2.1.1  Initial  Sita  Raconnaissanca 

Batwaan  Octobar  29  and  Novembar  2,  1964,  tavaral  nambars  of  tha  Ebasco  team 
including  raprasantativas  from  Ebasco,  R.L.  Stollar  and  Associates,  Garaghty 
fi  Hiller,  Inc.,  and  Tacbnos,  Inc.,  visited  RMA.  Tha  puxposas  of  thasa  visits 
ware  to  allow  Ebasro  project  team  menbars  to  meat  with  thair  countarparts 
from  RHA;  to  bagln  to  initiata  activities  required  for  mobilization  of  field 
sampling  teams,  decontamination  facilities,  and  health  and  safety  activities 
at  tha  South  Plants  area;  to  begin  to  coordinate  field  activities  between 
Ebasco  and  ESE;  and  to  afford  Ebasco  team  members  an  overview  of  RHA  and  the 
South  Plants  areas  by  driving  and  walking  through  those  areas. 

On  Octobar  29,  1984,  members  of  the  project  team  toured  tha  western  half  of 
RHA  by  automobile.  Tha  team  viewed  tha  Section  3^  end  Basin  A  areas  from 
8th  Avenue,  tha  Basin  F  area  from  0  street,  tha  north  boundary  groundwater 
treatment  system  and  tha  northwest  boundary  groundwater  treatment  system, 
tha  South  Plants  area,  and  Lower  Darby  Lake.  On  Octobar  30,  1984,  members 
of  tha  project  team  toured  tha  South  Plants  area  on  foot,  generally  walking 
along  areas  of  paved  streets  and  parking  lots,  viewing  buildings  and  other 
facilities  from  tha  exterior.  This  tour  was  conducted  by  Hr.  Kevin  Blosa  of 
USATHAHA.  On  November  1,  1984,  a  smaller  group  of  Ebasco  project  team 
members  again  toured  tha  South  Plants  arse  on  foot,  this  time  accompanied  by 
Or.  William  Trautmann  of  RHA.  Again,  this  tour  was  generally  limited  to 
viewing  tha  exteriors  of  buildings  end  other  facilities  from  paved  roadways, 
walkways,  and  perking  lots. 

During  the  course  of  meetings  at  RHA,  Ebasco  project  tame  members  met  with 
members  of  tha  RHA  Safety  Office,  Security  Office,  Cormunicatlons  Office, 
Escort  and  Dlspoial  Detachment,  Technical  Operations,  end  Installation 
Services,  including  tha  Facilities  Engineering  Division  and  tha  Fire 
Prevention  Brwxh.  Project  team  members  also  visited  tha  RHA  Information 
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Cantar  (NIC),  racaiving  an  oriantatlon  into  tha  usa  of  NIC  as  Mil  as 
ragistration  as  usars  of  RIC.  During  tlia  Miking  tours  of  ttw  South  Plants 
•raa,  projact  taan  aaabars,  particularily  thosa  involvad  In  tha  davalopoant 
of  this  Tachnical  Plan,  had  tha  opportunity  to  obsarva  tha  aida  variaty  of 
facilitias,  building  Mtarials,  tanks,  vats,  piping,  and  othar  structures 
aithin  tha  South  Plants  area,  as  m11  as  salactsd  individual  contamination 
sourcas  aithin  tha  South  Plants  araa  (for  axampla,  tha  salt  storage  area  and 
tha  lima  pond). 

2.1.2  Lltaratura  Raviaw 

In  addition  to  tha  sits  racormaissanca  visit  and  discussion  aith  RHA 
parsonnal  during  tha  aaak  of  Qctobar  29>ftovai«bar  2,  1964,  tha  projact  team 
has  also  compiled  and  revieaad  a  large  number  of  oocumants  detailing  the 
buildings  and  activities  aithin  tha  South  Plants  araa.  A  bibliography  of 
rafarancas  consulted  and  cited  in  this  report  is  given  in  Appendix  A.  In 
general,  these  documents  have  been  ravieMd  in  order  to  provide  us  with  as 
complete  as  possible  a  picture  of  tha  construction,  nature,  usa,  history, 
and  probable  contamination  at  each  of  the  buildings  and  othar  structures  in 
tha  South  Plants  area.  Particular  attention  has  bean  paid  to  records  of  any 
spill  occurrences  within  tha  South  Plants  araa  as  Mil  as  records  of  any 
decontamination  operations  at  any  of  tha  facilitias.  For  example,  buildings 
used  by  RMA  for  manufacture  of  chemical  Mrfara  agents  Mra  decontaminated 
prior  to  their  being  leased  to  Shell  Chemical  Co.  and  othar  lessees  at  the 
South  Plants  area,  where  possible,  attempts  Mrs  made  to  detormine  tha 
details  of  these  and  other  building  and  facilities  decontamination 
operations. 

2.2  ^lidi.n£LPl.P.fil?s 

Mora  than  300  buildings,  tanks,  and  foundavions  have  been  identified  in  the 
South  Plants  area.  However,  for  almost  half  of  thesa  buildings  and  other 
structures,  use  end/or  location  Information  is  Inccrolete.  Based  upon  the 
information  reviewed  to  date,  a  historical  use  profile  f.'.:''  been  prepared. 

The  profile  includes  ttre  following  kinds  of  information:  buii.V'rig  identi¬ 
fication  number;  descriptive  Information  on  type  of  construction,  utilities, 
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faclUtlM,  and  txjildlng  contants;  building  ccndition;  currant  wid  historical 
usa;  and  type(e)  of  cantaaination.  Thasa  building  profiles  are  presented  in 
Appendix  B.  Included  with  each  building  profile  is  a  list  of  engineering 
drawings  (such  as  floor  plans,  piping  diagrams,  plumbing  plans,  ate.)  for 
that  building.  Copies  of  these  drawings  have  been  requested  from  RHA  and  are 
currently  being  produced.  For  buildings  under  lease  to  SCC,  some  original 
drawings  are  in  the  possession  of  SCC  and  have  been  requested  through  the 
RHA  legal  advisor-  Additional  information  on  building  use,  location,  and 
condition  will  be  obtained  (Ajring  the  Phase  lA  building  survey  discussed  in 
Section  3.4.3. 

2.3  Specific  Contamination  Sources 

Within  the  South  Plants  area,  at  least  24  specific  sources  of  known  or 
suspected  soil  contamination  have  been  identified.  These  include  drainage 
ditches;  storage  areas;  ILtw  pits;  sanitary  landfills;  tank  locations;  a 
bum  sito  containing  possible  UXO;  a  salt  storage  area;  and  various  pits, 
trenches,  uasins,  lagoons,  and  disposal  areas.  In  addition,  at  least  47 
recorded  spills  in  the  vicinity  of  17  buildings  and  tank  areas  have  been 
recorded.  These  various  specific  contamination  sources  are  described  in 
detail  in  Section  3.3. 
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3.0  FIELD  SAHPLING  PROGRAM 


3.1  Introduction 

The  purpose  of  the  field  sampling  program  is  tc  obtain  data  which  will 
define  the  extent  of  contamination  in  the  South  Plants  area  to  assist  the 
Army  in  preparing  remedial  action  plans.  The  program  is  comprised  of  two 
major  components:  a  geotechnical  and  a  building  sampling  program. 

The  purpose  of  tho  geotechnical  program  is  to  define  the  areal  and  vertical 
axtent  of  contamination  in  the  unsaturated  zone  at  historical  disposal  sitas 
and  spill  sites  in  the  South  Plants  area.  This  will  be  accomplished  through 
a  two-phased  soil  boring  program.  Phase  I  will  consist  of  a  limited  nunber 
of  soil  borings  to  obtain  semi-guantitative  geochemical  data  which  will 
provida  for  a  preliminary  assessment  of  the  nature  of  ctMmical  compounds 
present  and  extant  of  contamination  in  each  area.  Phase  I  data  will  be  used 
to  modify  the  boring  and  sampling  program  in  Phase  II.  Phase  II  will 
consist  of  a  more  datailad  soil  sampling  program,  in  which  quantitative 
analyses  will  confirm  the  amount  of  contamination  presant.  Geophysical 
reconnaissance  surveys  will  be  performed  to  aid  in  siting  specific  borehole 
locations  in  areas  where  uncxploded  ordnance  (UXO)  and  buried  metal  objects 
may  be  present,  and  to  locate  underground  utilities.  T?w  rationale  and 
procedures  for  these  surveys  are  discussed  in  Section  3.2.  The  rationale 
for  the  soil  boring  program  is  discussed  in  Section  3.3. 

The  purpose  of  the  building  sampling  program  is  to  detezmine  whether  there 
are  raterials  present  in  buildings  which  may  be  contributing  to  the  contami¬ 
nation  of  the  surrounding  soil  and  the  ground  water. 

The  building  sampling  program  contain*  two  phases.  Phase  lA  is  required  by 
the  health  and  safety  program  to  protect  the  sampling  teen  from  exposure  to 
potential  hazards  and  for  reconnaissance  of  buildings.  The  health  and 
safety  survey  will  be  conducted  in  each  building  to  determine  the  level  of 
safety  protection  required  by  sampling  personnel  and  to  detormine  if  gross 
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contiaminatlon  Is  present.  Setnpling  points  of  potential  contamination 
sources  such  as  drains,  pipes,  tanks,  and  vats  will  also  be  identified 
during  this  curvey.  Detailed  sampling  of  potential  sources  as  well  as  soil 
borings  adjacent  to  disposal  systems  such  as  chemical  sewers  will  be 
conducted  as  part  of  a  Phase  IB  survey  subsequent  to  the  health  and  safety 
survey.  The  health  and  safety  reconnaissance  is  referred  to  as  Phase  lA  and 
the  contamination  survey  as  Phase  IB.  The  building  sampling  program  is 
discussed  in  Section  3.4. 

The  flald  sampling  program  will  be  second  only  to  the  chemical  analysis 
program  in  the  intensity  of  day-to-day  activities  on  this  project.  Further¬ 
more,  the  field  sampling  program  is  likely  to  involve  a  much  greater  variety 
of  activities  than  is  the  laboratory  program.  The  field  sampling  program 
will  be  intimately  involved  with  health  and  safety  activities,  quality 
assurance  and  quality  control  activities,  and  overall  program  management. 
Consequently,  close  coordination  must  be  maintained  between  the  field 
sampling  program  and  these  other  programs.  In  addition,  since  laboratory 
throughput  rates  may  provide  a  major  constraint  on  the  scheduling  of  field 
activities,  it  will  be  necessary  that  the  field  sampling  program  be 
developed  with  a  thorough  awareness  of  scheduling  constraints  likely  to  be 
imposed  by  laboratory  activities. 

3.1.1  Support  Facilities 

During  the  mobilization  meetings  at  RM  held  the  week  of  October  29-November 
2,  1984,  the  need  for  RHA  support  facilities  was  identified,  and  initial 
discussions  were  held  with  RMA  Installation  Services  personnel  regarding  the 
location  and  establishment  of  apprrpriate  facilities.  The  support  facilities 
discussed  included  the  availability  of  warehouse  space,  the  availability  of 
office  space,  provision  of  utilities  (electric  power,  potable  water,  and 
sewer  facilities)  at  warehouse  and  office  facilities,  and  RMA's  identifica¬ 
tion  of  a  preferred  location  for  decontamination  facilities. 

During  subsequent  meetings  involving  Ebasco,  ESE,  and  RMA  Facilities 
Engineering  personnel,  areas  for  location  of  steam  cleaning  operations  and 
support  trailers  were  agreed  upon.  The  steam  cleaning  area  will  be  located 
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along  the  southern  boundary  of  Section  36,  Just  north  of  December  7th 
Avenue,  approximately  3,500  feet  east  of  the  intersection  with  0  Street 
(Figure  3.1>1).  The  support  trailer  area  will  be  located  along  the  northern 
boundary  of  Section  1,  approximately  2,500  feet  east  of  the  Intersection 
with  D  Street,  north  of  Building  731  (Figure  3.1-1).  RMA  Facilities 
Engineering,  with  the  support  of  Stearns-Boger,  has  begun  to  implement 
provision  of  hookups  for  electricity,  potable  water,  and  sanitary  sewer 
facilities  for  the  Ebasco  office  trailer  and  ESC  support  facilities,  as  well 
as  alactrlcity  and  water  supplies  for  the  steam  cleaning  area.  Ebasco  and 
ESC  will  establish  adjacent  but  separate  steam  cleaning  areas  to  prevent 
cross-contamination.  Common  windbreak  facilities  will  also  be  used. 

The  Ebasco  staam-cleening  area  will  be  lined  and  sloped  to  a  sump,  from 
which  contaminated  water  will  be  pumped  into  appropriate  storage  containers. 
At  the  direction  of  USAThAHA,  it  is  currently  planned  to  store  the 
contaminated-water  containers  at  the  steam-cleaning  site.  Decontamination 
facilities  are  described  further  in  the  Heelth  and  Safety  Plan,  Section  IV 
of  the  Task  2  Litigation  Technical  Support  and  Services  Rocky  Mountain 
Arsenal  Procedures  Manual  (Task  2  RMA  Procedures  Manual). 

In  addition  to  the  shared  steam-clearing  site  and  the  office  trailer,  Ebasco 
will  also  utilire  mobile  command  post  and  decontamination  trailers  which  can 
be  moved  from  site  to  site  within  the  South  Plants  area.  Because  of  the 
unique  nature  of  the  building  sampling  activities,  and  the  possibility  that 
Level  A  or  B  personnel  protection  may  occasionally  be  required,  it  is 
necessary  that  personnel  decontamination  facilities  be  located  very  near 
individual  buildings  to  be  Investigated.  The  mobile  trailers  will  be 
self-contained,  including  chemical  toilets,  heatars,  and  portabla 
generators,  so  that  RMA  utility  hook-ups  will  not  be  required.  Water 
supplies  will  be  brought  by  tank  truck  from  the  overhead  filling  spout 
located  at  the  Fire  Station.  Personnel  decontamination  activities  are 
described  further  in  the  Health  and  Safety  Plan,  Section  IV  of  the 
Task  2  RMA  Procedures  Manual. 

Heated  and  lighted  warehouse  space  has  been  provided  by  RMA  for  the  use  of 
both  Ebasco  and  E5E.  The  eastern  half  of  Building  723  (see  Figure  3.1-1) 
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has  been  made  available  for  this  purpose.  Building  728  has  been  divided  In 
tifo  by  a  firewall,  and  RHA  has  further  subdivided  the  eastern  half  of  the 
building  Into  three  approximately  equal  areas  by  chain  link  fence.  The 
central  araa  is  being  used  by  RHA  for  miscellaneous  equipment  storage.  The 
two  outer  areas  will  be  used  by  Ebasco  and  ESE.  Each  subcontractor  space 
can  be  accessed  through  separate  12-foot  doors  from  separate  loading  docks 
on  the  north  side  of  Building  728. 


3.1.2  Support  Activities 
3. 1.2.1  Topographic  Surveys 


Each  soil  boring  and  monitoring  well  will  be  surveyed  to  establish  its  eleva¬ 
tion  and  nap  coordinates  with  respect  to  an  appropriate  estaollshed  grid. 
Since  most  of  the  existing  wells  at  the  arsenal  have  been  located  on  the 
Colorado  Statn  Plane  Coordinate  System,  this  will  be  the  preferred  grid  to  be 
used  for  orienting  the  new  survey  well  and  boring  locations.  All  alevatlons 
will  be  surveyed  to  the  nearest  0.1  foot  (3  centimeters),  and  horizontal 
locations  to  the  nearest  3  feet  (1  meter),  consistent  with  USATKAHA 
requirecwits. 

3. 1.2. 2  Decontamination  of  Equipment  end  Hatarlals 

Oacontamlnatlon  of  equipment  and  materials  will  be  Lnportant  for  both  health 
end  safety  requirements  as  well  as  c^llty  control  requirements.  Contami¬ 
nated  equipment,  such  as  boring  rigs  and  auger  flytes,  will  have  to  be 
maintained  and  decontaminated  so  as  to  preclude  spreading  contamination  to 
previously  uncontaminated  areas.  Furthermore,  materials  and  equipment  will 
have  to  be  decontaminated  In  between  borings  so  as  to  a'-'old  cross¬ 
contamination  from  one  site  to  another  and  thus  Livalidstlng  the  results  of 
tho  sampling  program. 

Some  decontamination  activities  will  take  place  at  the  boring  and/or  building 
sanpling  locations.  These  activities  will  utilize  the  mobile  decontamination 
facilities  discussed  in  Section  3.1.1  and  in  the  Health  and  Safety  Plan, 
Section  IV  of  the  Task  2  RMA  Procedures  Manual.  Major  decaitaminaticn  of 
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equipment,  perticularly  larger  pieces  of  equipment,  will  take  place  at  the 
steam-cieaning  area  as  discussed  in  Section  3.1.1. 

3. 1.2. 3  Waste  Disposal 


At  the  direction  of  USATHAMA,  all  contaminated  wastes,  including  liquids, 
soils,  and  other  solid  wastes,  will  be  containerized  and  stored  on  site  at 
the  individual  locations  where  the  wastes  were  generated.  The  following 
items  will  be  handled  as  contaminated  wastes  unless  they  are  sampled  and 
confirmed  to  be  free  of  any  contamination: 

0  liquid  wastes  generated  during  decontamination  operations 
0  disposable  sampling  gear 

0  water  generated  during  well  development  and  groundwater  sampling 
0  liquids  generated  at  the  steam  cleaning  pit 
0  excess  soils  generated  during  drilling 
a  all  wastes  generated  in  sampling  and  decontamination  ereas 

Non-contamir.ated  wastes  will  be  directed  to  the  sanitary  sewer  system  or 
appropriate  trash  disposal  facilities.  Portable  or  chemical  toilet  wastes 
will  be  disposed  of  according  to  normal  protocols. 


3.2.1  Geophysical  Reconnaissance  Surveys 

3. 2. 1.1  Preliminary  Test  Activities 

Task  1  activities  in  Section  36  and  Task  2  activities  in  the  South  Plants 
area  will  both  require  geophysical  surveys.  In  order  to  coordinate  the 
efforts  of  both  of  the  team  members  who  will  be  performing  geophysical 
surveys,  a  test  program  has  been  conducted. 


Rationale 


Geophysical  methods  will  be  employed  at  RMA  during  this  investigation  in  an 
attempt  to  achieve  three  objectives.  These  objectives  are:  1)  UXO 
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detection  at  selected  sites,  2)  location  of  buried  metal  objects  at  locations 
designated  for  borehole  construction,  and  3)  location  of  buried  utilities. 
The  ability  of  geophysical  rnet'iods  to  accomplish  these  objectives  will 
depend  on  site  specific  scils  conditions  and  the  coinplexity  of  past  disposal 
practices.  Tho  geophysical  test  program  was  conducted  to  evaluate  various 
geophysical  methods  with  respect  to  their  usefulness  at  RMA  sites. 

Procedures 

The  geophysical  test  program  was  conducted  at  RMA  from  November  12  to  14, 
1984.  The  test  program  consisted  of  surveys  at  known  and  unknown  areas. 

The  known  areas  consisted  of  material  buried  during  this  test  as  either 
discrete  items  in  pits  or  bulk  burial  in  trenches.  The  unknown  site  was  an 
area  where  material  was  known  to  have  been  buried  in  the  past,  but  the 
specific  nature  of  the  burial  and  the  quantity  of  material  was  unknown. 
Test  area  locations  were  chosen  in  part  on  the  basis  of  soil  composition  tn 
evaluate  tl*e  affect  of  the  soil  clay  content  on  the  techniques. 

Test  Area  1  was  located  in  Section  36  in  an  open  field  southwest  of  the 
Intersection  of  8th  Avenue  and  E  Street.  Soils  at  this  location  are 
classified  as  a  Plainer  Series  clay  loam.  Test  Area  2  was  situated  in  the 
southeast  comer  of  Section  26  in  an  open  field  northwest  of  the  intersection 
of  8th  Avenue  and  D  Street.  Soils  at  this  location  are  Ascalon  Series  sandy 
loams.  Both  Test  Areas  1  and  2  were  used  as  known  sites  with  material  buried 
In  trenches  or  pits  constructed  for  this  test  program.  Test  Area  3,  the 
unknown  site,  was  in  the  southwest  quarter  of  the  northeast  quarter  of 
Section  36.  The  soil  at  this  location  would  be  predominantly  classified  as 
Plainer  Series  clay  loam. 

Two  trenches  were  dug  in  each  of  Test  Areas  1  and  2  (for  a  total  4  trenches), 
and  various  metallic  objects  were  buried  both  vertically  and  horizontally  at 
measured  depths.  Test  Area  2  also  had  seven  separate  pits  dug  for  grenade 
and  artillery  shell  burial.  A  series  of  wooden  stakes  marked  the  location 
of  each  pit  after  burial.  A  set  of  grid  lines  was  established  approximately 
five  feet  apart  and  oriented  both  north-south  and  east-west  over  each  trench. 
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Two  txenches  were  constructed  at  Test  Area  1.  Trench  1  was  60  feet  long  and 
3  feet  deep.  Representative  samples  of  ordnance  were  placed  in  the  bottom 
of  the  trench  and  their  position  and  depth  were  recorded.  Ordnance  included 
■  white  phosphorus  grenade,  bomb  bursters,  105  nvn  shell,  aluminum  rocket 
casing,  155  mm  shell,  rocket  motor  housing,  and  a  55  gallon  drum.  All 
ordnance  samples  were  laid  flat  in  the  first  30  feet  of  the  trench  and 
duplicate  ordnance  were  oriented  vertically  in  the  remaining  30  feet  of  the 
trench.  Trench  2  was  20  feet  long,  A  feet  wide,  and  continuously  varied  in 
depth  from  2  to  10  feet.  Four  155  mm  shells  were  placed  at  depths  of  2,  4, 
7.3  and  10  feet.  Target  sires  were  kept  constant  to  examine  penetrations  of 
geophysical  methods. 

Two  trenches  were  also  dug  at  Test  Area  2  and  the  same  suite  of  objects  were 
burled  in  the  same  order  as  at  Test  Area  1.  In  addition,  seven  test  pits 
were  constructed  primarily  to  determine  size  and  depth  detection  limits  for 
the  three  magnetometers  (fluxgate  gradiometer,  fluxgate  magnetometer,  proton 
magnetometer}.  Three  of  seven  test  pits  contained  grenades  buried  2.5,  5.0, 
and  7.5  feet  deep;  four  of  the  pits  contained  155  mm  shells  buried  at  2.5, 
5.0,  7.5  and  10  feet. 

Technlcues 

A  magnetometer  measures  the  intensity  of  the  earth's  magnetic  field.  The 
Technos  magnetometer  is  a  gradiometer  consisting  of  a  nulled  pair  of 
magnetometers  which  detect  changes  in  a  null  field.  The  changes  in  the  null 
field  are  caused  by  small  quantities  of  ferrous  metal  which  can  be  UXO's 
(grenade,  artillery  shell,  etc.}.  Magnetic  respo«is8  is  proportional  to  the 
mass  of  the  ferrous  target  and  inversely  proportional  to  the  cube  of  the 
distance  to  the  target. 

The  advantage  of  a  gradiometer  over  a  total  field  magnetometer  is  that 
correction  for  diurnal  variations  in  the  earth's  field  are  not  necessary 
(hence  no  base  station  is  required).  Another  advantage  is  that  surveys  can 
be  made  in  close  proximity  to  fences,  pipelines  and  buildings  without 
impairing  the  detection  capabilities.  Finally,  the  data  output  from  the 
gradiometer  system  can  be  continuously  recorded,  resulting  in  high 
resolution  (more  complete  coverage}  and  rapid  survey  time. 
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Because  non-ferrous  metal  In  the  form  of  aluminum  rocket  bodies  and  pot 
metal  cannister  UXO's  was  expected  to  be  present,  a  metal  detector  was  also 
testedo  The  metal  detection  resp(xise  is  proportional  to  the  surface  area  of 
the  metal  target  and  inversely  proportional  to  the  distance  from  the  target 
to  the  6th  power.  Because  of  this,  the  detection  capability  of  the  metal 
detector  is  limited  to  shallower  targets  than  the  magnetometer. 

The  fluxgatft  gradlometer  magnetometer  with  a  sensitivity  of  one  gamma  per 
foot  was  coupled  to  a  continuous  strip  chart  recorder,  was  calibrated,  and 
then  run  along  the  established  grid  lines  to  test  its  ability  to  define  the 
outlines  of  the  trench  or  pit  as  well  as  the  relative  quantity  of  buried 
material.  The  magnetometer  was  held  at  different  fixed  distances  above  the 
ground  surface  during  subsequent  runs  to  test  the  equipments'  sensitivity  to 
the  targets.  Continuous  measurements  were  meite  along  the  grid  alignment, 
and  the  burial  locations  (stakes)  or  grid  intersections  were  marked  on  the 
chert  paper.  This  continuous  coverage  is  much  more  suitable  for  high 
resolution  requirements,  end  the  aiapping  of  extensive  arees  in  which  complex 
anomalies  are  expected.  In  the  area  of  the  separate  burial  pits,  magneto¬ 
meter  runs  were  made  over  and  to  eittwr  sido  of  the  alignment  of  the  pits. 
Once  the  magnetometer  sur^y  was  completed,  the  Technos  pulse  induction  metal 
detector  was  calibrated,  coupled  to  the  chart  recorder  and  run  directly  over 
the  alignment  of  the  trench  or  pits  to  Judge  its  capabilities. 

Betults 

Weonetometer  Survey.  The  results  of  the  magnetometer  survey  indicate  that 
the  fluxgate  gradlometer  megnstometar  is  capable  of  detecting  a  smell  hand 
grenade  at  a  depth  of  2.3  feet  end  a  13Smm  artillery  shell  at  a  depth  of 
five  feet. 

The  M^^etometer  responded  to  the  two  SS-galicn  drxm  in  Test  Area  1  - 
Trench  1,  buried  4.3  feet  (lying  flat)  and  2.7  feet  (upright).  Because  the 
response  from  the  dnm  is  so  strong  and  is  detected  from  a  distance  as  far 
as  five  feet  from  the  dnm,  any  possible  response  from  the  other  ferrcus 
objects  has  been  masked. 
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The  magnetometer  is  also  capable  of  detecting  discrete,  buried  155  mm 
artillery  shells  as  deep  as  four  feet  below  surface  at  a  horizontal  distance 
from  the  shell  of  approximately  three  feet.  The  magnetometer  may  have 
received  signals  from  the  shell  in  Test  Area  2  -  Trench  2  buried  5.3  feet 
below  the  land  surface,  but  it  is  possible  that  its  response  is  masked  by 
the  other  signals. 

At  rest  Area  3  (the  "unknown"  area),  a  surface-exposed  steel  barrel 
transmitted  a  strong  response  to  the  magnetometer  during  the  survey  run  as 
would  be  expected.  However,  the  magnetometer  response  also  indicated  that  a 
significant  amount  of  material  is  buried  in  this  trench.  Also,  very  little 
material  appears  to  be  within  the  adjacent  barm. 

At  Test  Area  2,  identically  sized  UXQ  (155  mm  shells)  were  buried  at  various 
depths  in  several  burial  pits.  The  Technos  magnetometer  was  capable  of 
locating  an  artillery  shell  at  a  depth  of  five  feet.  Harding  Lawson 
Associatas'  (HLA)  fluxgate  magnetometers  and  proton  magnetometers  were  able 
to  detect  only  the  155  mm  shell  buried  at  2.5  feet.  The  effects  of  the 
shell  burled  at  2.5  feet  can  be  seen  within  15  feet  of  the  object. 

Metal  Detection  Survey.  The  Technos  pulse  Liduction  metal  detection  survey 
detected  burled  UXO  as  large  as  a  155mm  artillery  shell  at  a  depth  of  five 
faet  and  as  small  as  a  hand  grenade  at  a  depth  of  2.5  feet  when  passing 
directly  over  each. 

The  metal  detector  run  over  Test  Area  2  -  Trench  2  could  not  distinguish 
discrete  buried  UXO,  but  rather  pegged  offscale  for  the  majority  of  the 
trench  length.  Onscale  readings  in  the  metal  detection  profile  were  caused 
by  weaker  signals  from  the  smaller  UXO.  A  profile  of  Test  Area  2  -  Trench  2 
showed  that  the  metal  detector  pegged  offscale  over  the  shallow  end  of  the 
trench  but  came  back  onscale  for  targets  buried  deeper  than  a  155  mm  shell 
at  5.0  feet. 

At  the  saven  burial  pits  at  Test  Area  2,  the  metal  detactor  could  only 
distinguish  a  grenade  burled  at  2.5  feet  and  a  155  mm  artillery  shell  buried 
at  2.3  and  five  faet. 
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In  sunmary,  the  metal  detector  had  relatively  shallow  depth-sensing 
capability.  Its  output  is  usually  qualitative  and,  therefore,  has  limited 
capability  to  evaluate  the  size  and  depth  of  targets.  However,  the  metal 
detector  does  provide  reasonably  good  spatial  resolution  to  pinpoint  the 
location  of  a  target. 

Ground  Penetrating  Radar  fGPR'i.  Test  GPR  traverses  were  run  by  HLA  with  80, 

120,  500  and  900  HHZ  antennas.  The  only  distinguishable  target  at  Test 
Area  1  was  a  55  gallon  drum  in  Trench  1.  The  drum  was  distinguishable  only 
because  its  location  was  known.  Ttw  GPR  records  showed  a  maximum  penetration 
of  about  3  feet  with  low  frequency  antennas  (80  and  120  HHZ)  and  nc  more  than 
one-foot  with  higher  frequency  antennas  (500  and  900  HHZ).  Unfortunately, 
anything  shallower  than  3  feet  could  not  be  resolved  with  the  low  frequency 
antennas  because  weak  reflecti»i  is  masked  by  the  wide  transmit  pulse.  Low 
frequency  antennas  are  used  for  deeper  penetration  and  they  sacrifice  near 
surface  data  to  achieve  it.  It  was  not  possible  to  identify  trench 
boundaries  with  any  degree  of  certainty  with  either  the  low  or  high  frequency 
antenna'^ . 

At  Test  Area  2,  a  series  of  traverses  snowed  that  the  GPR  could  pick  up 
anomalies  to  a  depth  of  5  feet.  As  at  Test  Area  1,  sigiiaiures  were  poor. 
Trench  boundaries  were  poorly  defined  with  GPR. 

GPR  proved  Ineffective  at  a  known  burial  site  t^re  a  drum  is  exposed  at  the 
surface  (Test  Area  3). 

Earth  Resistivity  Method— verticaI_Electrical  Sounoings  (vg$)  end 
Electromagnet ic  (EM)  Soundings.  Both  VES  and  EM  soundings  conducted  by  HLA 
at  Test  Area  1  showed  why  the  GPR  results  were  so  liconclusive.  The  VES 
solution  showed  the  ground  resistivities  to  be  relatively  low  at  the  site, 
becauss  of  high  ciay  content  in  these  soils,  A  thin  surface  veneer  of  20 
ohm-meter  material  overlies  80  ohm-meter  soil  that  extends  to  below  the 
meximum  radar  penetration  depth.  Experience  has  shown  that  GPR  penetration 
is  generally  poor  when  ground  resistivity  is  less  than  about  100  ohm-meters. 

Geophysicists  from  Technos  measured  terrain  conductivities  of  25-30  millimhos 
per  meter  at  Test  Area  1  for  the  upper  7  meters  of  soils  with  an  EM-31 
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terrain  conductivity  meter.  Their  experience  indicated  poor  radar 
penetration  is  achieved  when  conductivities  are  greater  than  the  10 
■illimhos  per  meter  (equal  to  100  ohm-meter  resistivity).  The  results  of 
the  VES  and  EH  measurements  showed  that  the  soil  at  Test  Area  1  is  too 
condjctive  to  perform  successful  GPR  exploration. 

VES  and  EM  soundings  suggested  that  Test  Area  2  was  slightly  better  for 
GPR.  Soil  resistivities  ranged  between  61  ohm-meters  in  the  upper  foot  of 
soil  to  118  ohm-meters  from  there  down  to  10  feet.  EH  soundings  showed 
soils  conductivities  ranged  between  23  and  63  millimhos  per  meter. 

Efficient  UXO  detection  depends  on  the  ability  to  conduct  searches  in  a 
reasonable  time  that  are  cost  effective  in  all  areas  of  the  site.  The 
Technos  fluxgate  gradlometer  magnetometer  and  the  metal  detector  coupled  to 
a  continuous  strip  chart  recorder  showed  the  most  promise  in  locating  burled 
UXO  at  the  RHA  site.  Data  suggest  that  the  more  sensitive  magnetomeier  and 
gradlometer  systems  will  detect  large  projectiles  at  much  greater  ranges 
than  will  metal  detectors.  However,  the  metal  detector  shows  excellent 
performance  for  reer-surface  detection. 

The  practical  detection  capabilities  for  the  continuously  recorded 
gradlometer  and  metal  detector  systems  tested  at  the  RHA  are  2.3  feet  deep 
for  a  single,  small  hand  grenade  and  five  feet  deep  for  a  single,  15Smm 
artillery  shell.  This  practical  detection  limit  is  a  function  of  the 
sensitivity  of  the  instruments  coupled  with  the  continuous  data  output.  If 
either  system  were  used  in  a  station  measurement  mode  (i.e.,  non-continuous 
data),  the  practice!  detection  capabilities  for  the  same  instrtiment  would  be 
reduced  by  half  the  depth,  or  more,  depending  upon  the  station  spaclrgs. 

It  appears  that  (iPR  will  not  be  an  effective  geopnysical  method  for  clearing 
borings  at  RHA.  Magnetometers  can  locate  burled  ferrous  debris  down  to  a 
depth  of  about  5  feet.  The  fluxgate  gradlometer  detected  metal  debris  to  a 
greater  depth  than  either  the  fluxgate  magnetometer  or  proton  magnetometer. 
In  addition,  its  strip  chart  recorded  readout  gives  a  continuous  record 
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along  a  traverse  line  rather  than  the  discrete  measurements  at  5  feet 
intervals  with  HLA's  fluxgate  and  proton  magnetcxneters. 

3.2.1. 2  Confirmation  of  Bcried  Utilities 

Rationale 

Giuried  pipelines  are  known  to  exist  at  various  locations  within  the  South 
Plants  area.  Removal  of  contaminated  piping  requires  that  its  location  be 
specified  using  remote  sensing  techniques.  In  some  instances,  pipes- may 
have  leaked  resulting  in  areas  of  contamination  in  the  vicinity  of  the 
pipelines.  Detection  of  these  conductive  contaminants  may  also  be  made 
using  gaophysical  methods. 

The  rationale  for  technique  selection  is  based  upon  the  possible  metallic 
nature  of  the  piping  and  the  conductivity  of  the  spill  material.  Hetal  pipes 
can  be  detected  by  a  fluxgate  gradiometer  (magnetometer)  or  a  metal  detector. 
The  gradiometer  can  be  used  in  close  proximity  to  buildings  and  other 
metallic  materials.  However,  available  information  indicates  that  much  of 
the  underground  piping  (chemical,  sanitary  and  storm  sewers)  consists  of 
vitrified  clay,  rather  than  metal.  Thus,  this  technique  may  be  of  limited 
usefulness. 

Conductive  material  which  has  leaked  from  the  buried  pipes  may  result  in 
increased  conductivity  of  the  subsurface  materials  and  this  can  be  detected 
using  an  CM  device.  However,  EH  measurements  will  be  adversely  affected  by 
nearby  metal  objects  (such  as  buildings)  and  power  lines.  Therefore,  the 
use  of  the  method  will  be  evaluated  on  a  case  by  case  basis. 

Procedures 

The  procedures  will  vary  with  the  purpose  of  the  technique  and  the  technique 
itself.  The  detection  of  underground  metallic  pipes  will  be  accomplished 
using  a  fluxgate  gradiometer  and  the  contaminated  subsurface  around  leading 
pipes  will  be  identified  using  an  EM-31. 
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Fluxgate  gradlometry  surveys  are  performed  by  sweeping  an  area  with  the 
device.  Indications  of  burled  pipes  are  marked  by  flags  or  paint  and  the 
trace  of  the  pipe  is  developed  by  moving  laterally  away  from  the  initial 
detection  site.  In  order  to  focus  the  efforts,  as-bullt  drawings  are 
consulted  to  determine  the  suspected  location  of  pipes.  The  surveys  consist 
of  determining  the  general  location  of  the  pipes  based  on  the  as-bullt 
facility  drawings  and  then  employing  the  geophysical  methods  to  locate  the 
pipes  in  the  field. 

Once  the  location  o*  piping  has  been  developed  from  record  searches  and  the 
fluxgate  gradlometer  work  and  the  alignments  marked  in  an  area,  EH-31 
measurements  may  be  made  to  check  for  contaminated  soil  along  the  pipeline 
route.  Continuous  measurements  are  made  along  either  or  both  sides  of  the 
alignment  and  anomalies  marked.  These  zones  of  contaminated  soils  will  be 
identified  to  the  soil  sampling  team  for  further  Investigation.  In  some 
areas,  buildings,  power  lines  or  other  cultural  features  prevent  the  usage 
of  the  EM  technique  and  only  the  gradlometry  will  be  possible. 

3. 2. 1.3  Survey  of  UXO  and  Other  Buried  Objects 

Rationale 

At  least  one  area  of  UXO  has  been  identified  In  the  South  Plants  area  and 
others  may  exist  but  have  not  been  identified.  The  known  site  of  UXO's 
should  be  defined  In  areal  extent,  and  targets  Identified  In  order  to 
facilitate  subsequent  removal.  Any  as  yet  unspecified  UXO  areas  are 
potential  hazards  to  the  soil  boring  crews.  As  a  result,  soil  boring  sites 
should  be  cleared  using  remote  sensing  methods. 

Similar  techniques  will  be  applied  to  specific  contaminant  sources  In  the 
South  Plants  area  where  burled  metallic  objects  are  suspected  to  possibly 
occur.  Such  sources  Include  landfills,  trenches,  and  pits  whose  detailed 
history  is  not  known.  Areas  subject  to  these  geophysical  surveys,  which  are 
discussed  in  more  detail  In  Section  3.3,  include  the  following: 
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0  Site  2-14 
o  Site  2-2 
0  Site  1-U 
o  Site  2-5 
o  Site  2-13 


Sanitary  Landfills,  north  and  south 
Bum  Site 
Sanitary  Landfill 
Trench 

Open  Storage  Area 


The  selection  of  geophysical  techniques  is  based  on  the  nature  of  the  UXO  or 
other  buried  metallic  material.  Previous  experience  and  the  geophysical 
test  program  indicate  that  unexploded  projectiles  can  be  identified  by 
magnetometry  and  metal  detection  techniques.  The  latter  is  most  effective 
Hhen  the  ordnance  consists  of  nonferrous  shells.  We  also  understand  that 
rocket  casings  and  alminum  rocket  warheads  may  be  present. 

The  methodology  used  to  detect  buried  metallic  material  is  based  on  the 
sensitivity  of  a  fluxgate  gradiometer  magnetometer  and  a  sophisticated  metal 
detector.  The  gradiometer  consists  of  a  nulled  pair  of  magnetometers  which 
detect  changes  in  the  null  field  caused  by  small  quantities  of  ferrous 
metal.  Existing  information  indicates  that  the  UXO  meterial  may  exist  at 
depths  ranging  from  near  the  surface  to  as  deep  as  10  to  15  feet.  This  type 
of  system  is  sensitive  enough  to  detect  ordnance  at  the  anticipated  depths. 

s 

In  some  cases,  the  metal  may  be  non-ferrous  and  it  will  be  necessary  to 
search  for  the  UXO  using  a  metal  detector  which  can  detect  both  ferrous  and 
non-ferrous  material.  Because  the  nature  of  the  material  will  not  be  known 
beforehand,  both  gradiometry  and  metal  detection  will  be  required. 

For  the  techniques  which  nay  be  used  to  detect  UXO's,  only  one  procedure  is 
required.  The  gradiometry  and  metal  detection  surveys  will  be  done  by 
establishing  a  series  of  grid  lines,  north-south  in  orientation,  and 
approximately  three  feet  apart.  The  gradiometer  will  be  passed  along  each 
grid  line  and  moved  from  side  to  side  in  order  to  sweep  the  area  between 
adjacent  grid  lines.  Targets  identified  will  be  flagged.  The  metal  detector 
will  be  moved  along  the  grid  line  in  the  same  manner  and  targets  confirmed, 
or  new  targets  defined. 
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3. 2. 1.4  Borehole  Surveys 

Borehole  geophysical  surveys  can  provide  Information  to  supplement  soil 
sampling,  geologic  logging,  and  groundwater  sampling  data.  Current 
instructions  from  USATHAMA  Indicate  that  borehole  geophysical  logging  will 
not  be  required  unless  a  well  is  greater  than  50  feet  deep,  penetrates 
different  geological  material,  or  penetrates  into  the  Denver  Formation. 
This  last  condition  Is  likely  to  be  met  for  several  of  the  proposed  new 
wells  In  the  South  Plants  area. 

Each  of  the  monitor  wells  satisfying  the  above  conditions  will  be  logged 
from  a  geological  standpoint  and  geophysical  logging  will  also  be  done  In 
order  to  provide  as  much  Information  as  possible  regarding  the  boring.  The 
suite  of  logs  Is  restricted  because  of  the  drilling  methods  used  (no 
drilling  fluids)  and  the  use  of  PVC  casing.  The  geophysical  logs  proposed 
under  these  conditions  are  natural  gamma  and  neutron  logs.  The  natural 
gamma  technique  will  be  sensitive  to  the  changes  in  the  clay  content  of  the 
subsurface  soils.  Those  sections  containing  higher  amcunts  of  clay  will 
produce  a  greater  response  In  the  gamma  tool  sensor.  TTte  neutron  log  Is 
designed  to  measure  the  changes  In  hydrogen  Ion  concentration  within  the 
near  vicinity  of  the  boring.  The  concentration  can  be  correlated  to  the 
density  of  the  soil  and  Its  water  content  once  the  effects  of  the  hydrogen 
concentration  in  the  pipe  are  removed.  At  the  completion  of  the 
analyses  of  Phase  I  data,  the  geophysical  logging  progran  will  be 
re-evaluated. 

3.3  Soil  Boring  Program 

3.3.1  Program  Objectives 

The  objective  of  the  soil  boring  program  is  to  define  the  type  and  spatial 
(lateral  and  vertical)  extent  of  contamination  at  historical  disposal  and 
spill  sites.  The  Phase  I  study  is  an  effort  to  determine  whether  the  sites 
are  contaminated  and  to  determine  what  chemicals  are  at  these  sites  through 
the  screening  of  pollutants  with  a  limited  number  of  borings.  At  most  sites 
the  disposal  or  spill  history  Is  unknown  or  incomplete.  Phase  II  is 
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designed  to  tnore  accurately  define  the  geometry  of  contamination  at  the 
sites.  In  general,  Phase  II  will  have  a  greater  number  of  borings  than 
Phase  I  at  each  site  which  is  shown  to  be  contaminated  in  Phase  I,  and  the 
chemical  analyses  performed  on  Phase  II  samples  will  be  oriented  toward 
those  pollutants  found  in  Phase  I.  The  exact  structure  of  the  Phase  II  soil 
sampling  program  will  be  determined  from  the  results  of  the  Phase  I. 

The  areas  to  be  investigated  as  potential  contamination  sources  are  shown  in 
Figure  3.3-1.  These  areas  were  identified  from  historical  data  and  were 
classified  by  USATKAMA  and  0*Appolonia  in  a  198A  report  as  'potentially 
contaminated'  sites  and  'balance  of  the  sites  investigated'. 

Priorities  for  each  site  were  established  based  on  the  expectation  of 
encountering  contamination  as  recorded  in  the  literature.  High  priority 
sites  are  those  which  have  an  established  record  of  contamination  of  ground 
water  beneath  or  near  the  site  and  which  have  few  records  concerning  soil 
contamination.  Low  priority  sites  have  no  records  of  either  soil  or  ground 
water  ccxitamination,  due  to  lack  of  study,  but  have  been  considered 
potentially  contaminated  based  on  records  of  spills  and/or  waste  disposal  at 
the  site.  Uncontaminated  sites  are  those  that  may  possibly  be  contaminated 
due  to  their  physical  nature  but  at  which  preliminary  invostlgation  revealed 
no  reason  to  suspect  contamination. 

USATHAMA  has  requested  a  general  uniformity  of  approach  between  the  soil 
boring  activities  of  Ebasco  in  the  South  Plants  area  and  those  of  ESE  in 
Section  36.  To  this  end,  members  of  the  Ebasco  and  ESE  teams,  and  of 
USATHAHA  conferred  to  develop  a  common  strategy  to  determine  boring 
densities  and  vertical,  sampling  intervals  in  Phases  I  and  II  of  the 
program.  These  criteria  were  established  prior  to  a  thorough  physical 
reconnaissance  of  the  sites  and  are  based  exclusively  on  the  literature  and 
professional  Judgment.  As  the  soil  boring  program  progresses  and  additional 
information  is  determined,  modifications  to  the  program  may  be  made  by 
Ebasco  in  writing  to  achieve  the  stated  objectives. 

The  general  approach  to  the  soil  boring  program  and  the  method  to  determine 
boring  density  was  developed  jointly  by  USATHAHA,  Ebasco  and  ESE  and  is  fully 
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described  later  in  this  section.  The  boring  density  method  is  based  on 
estimated  areal  extent  of  contamination,  suspected  compounds  and  historical 
disposal  practices.  By  integrating  these  data  with  prior  experience  at  RMA 
and  best  professional  Judgment,  Figure  3.3-2  was  developed.  This  curve 
represents  selected  boring  spacing  for  the  total  (Phases  I  and  II)  program 
as  a  function  of  the  areal  extant  and  priority  of  contaminated  sources. 
This  total  number  of  borings  per  site  was  distributed  into  Phases  I  and  II 
by  a  ratio  that  varies  according  to  the  priority  of  the  site.  The  priority 
of  the  site  was  determined  from  the  available  data.  The  vertical  soil 
sampling  interval  ar«d  the  sampling  technique  were  developed  for  both  the 
South  Plants  and  Section  36  areas  during  meetings  Involving  the  different 
contractors  and  USATHAKA.  These  criteria  have  been  applied  to  the  South 
Plants  sites  in  a  strict  manner.  Some  modifications  will  have  been  made  to 
account  fer  actual  or  unexpected  conditions  as  in  many  cases  the  actual 
field  conditions  are  unknown.  The  chemical  analyses  for  the  Phase  I  soil 
samples  req«jested  by  USATHAHA  are  semi-quantitative  analyses  of  volatile 
organics  and  semivolatile  organics  and  quantitative  analyses  of  OGCP, 
metals,  and  mercury.  Upon  examination  of  the  ct.emical  data  generated  from 
the  Phase  I  soils,  more  specific  constituents  for  Phase  II  sample  analyses 
will  be  determined. 

As  mentioned  above,  the  total  (Phase  I  and  II)  boring  density  at  each  site 
was  determined  frem  the  area  of  the  site  utilizing  the  curve  shown  in  Figure 
3.3-2.  The  area  of  each  site  was  determined  by  using  a  1983  aerial 
photograph.  The  curve  in  Figure  3.3-2,  »rfiich  relates  the  boring  spacing  in 
feet  to  the  area  of  the  site  in  squane  feet,  was  developed  empirically  by 
members  of  the  Ebasco  and  ESE  teams.  Modifications  to  the  boring  spacing  at 
each  site,  as  found  by  the  curve,  were  made  based  on  the  priority  of  the 
site.  For  high  priority  sites,  the  curve  was  used  without  modification. 
For  low  priority  sites,  the  resulting  boring  spacing  was  multiplied  by  a 
factor  of  1.25.  For  uncontaminated  sites,  the  resulting  boring  spacing  was 
multiplied  by  a  factor  of  1.5.  ni8  boring  density  was  divided  into  the 
total  area  of  the  site  to  obtain  the  total  number  of  borings  at  the  site.  A 
grid  for  each  boring  spacing  was  mado  and  placed  over  the  site  maps  to 
roughly  locate  the  borings. 
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FIGURE  3.3-2 

EMPIRICAL  CURVE  TO  DETERMINE  BORING  SPACINQS  BASED  ON  AREAL  EXTENT  OF  SITES 
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The  relative  numbers  of  borings  In  Phases  I  and  II  were  determined  according 
to  an  empirical  scheme  designed  by  USATHAHA,  the  expert  witnesses,  and 
Ebasco  and  ESE  that  is  based  on  the  site  priority.  At  high  priority  sites 
with  areas  of  lass  than  1,000,000  square  feet,  Phase  I  will  contain  30%  of 
the  barings  and  Phase  II,  70%.  At  high  priority  sites  with  sn  area  greater 
than  1,000,000  square  feet,  Phase  I  will  contain  25%  and  Phase  II  will 
contain  75%.  At  low  priority  sites  the  Phase  I  borings  will  be  30%  of  the 
total  and  Phase  II,  70%.  At  uncontaminated  sites.  Phase  I  borings  will  be 
30%  of  the  total  and  there  are  no  Phase  II  borings  currently  planned.  The 
locations  of  the  Phase  I  borings  are  indicated  on  the  individual  site  maps 
in  Section  3.3.3.  These  locations  were  chosen  to  be  evenly  distributed 
across  the  sites.  The  majority  of  the  Phase  I  borings  will  be  located  in 
portions  of  the  site  where  contamination  appears  most  likely  upon  review  of 
the  site  history.  Also,  a  few  of  the  Phase  I  borings  will  be  located  near 
the  site  boundaries. 


The  vertical  soil  sampling  interval  was  established  by  USATHAHA  and  the 
expert  witnesses.  These  intervals  are  indicated  in  Table  3.3>1.  The  depths 
of  the  borings  in  each  phase  were  also  established  by  USATHAHA.  In  high  and 
low  priority  sites,  20%  of  the  borings  will  be  constructed  to  the  water 
table.  The  remaining  80%  of  the  Phase  I  boring  will  be  constructed  to 
shallower  depths  within  the  unsaturated  zone.  For  example,  20%  will  be 
constructed  to  5  feet  above  the  water  table,  20%  will  be  constructed  to  10 
feet  above  the  water  table,  20%  will  be  constructed  to  15  feet  above  the 
water  table  and  20%  will  be  constructed  to  20  feet  above  the  water  table. 

TABLE  3.3-1 


Soil  jampllng  Intervals  (feet) 


0.0  -  1.0 
4.0  -  5.0 
9.0  -  10.0 
14.0  -  15.0 
19.0  -  20.0 
24.0  -  25.0 
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In  tht  uncontaminated  sites,  30%  of  the  Phase  I  borings  will  be  constructed 
to  the  water  table  and  the  remaining  borings  will  be  distributed  in  the  same 
ganaral  order.  The  site  maps  in  section  3.3.3  also  indicate  the  depths  to 
which  the  boreholes  will  be  drilled.  Borings  that  extend  to  the  water  table 
have  been  located  in  the  portions  of  the  site  that  are  expected  to  be 
contaminated  and  the  progressively  shallower  borings  are  in  the  less 
contaminated  areas.  Mhere  there  is  no  accurate  information  as  to  the 
contaminated  portion  of  the  site,  the  deeper  borings  are  placed  evenly 
across  the  site  as  are  the  progressively  shallower  borings.  The  depths  of 
thes6  Phase  1  borings  are  shown  on  the  site  maps  later  in  this  section.  The 
Phase  II  boring  locations  are  also  shown  on  the  site  maps  but  the  projected 
depths  of  the  borings  will  be  determined  from  the  Phase  I  results.  For 
planning  purposes,  23%  of  the  Phase  II  borings  will  go  to  the  water  table 
and  the  remaining  75%  will  be  distributed  evenly  to  increasingly  shallower  5 
foot  intervals  above  the  water  table. 

All  lest  borings  will  be  constructed  and  sampled  using  a  continuous  core 
augering  technique.  The  entire  length  of  the  boring  will  be  examined  and 
the  locations  of  contacts  will  be  more  precisely  determined  by  using  this 
technique.  Five-foot  length  cores  within  clear  plastic  (polybutyrate) 
liners  will  be  obtained.  Although  specific  sampling  intervals  have  been 
predetermined  by  USATHAMA  and  the  expert  witnesses,  the  method  of  obtaining 
soil  core  in  clear  polybutyrate  tubes  will  allow  the  field  geologist  to 
select  samples  from  horizons  of  visually  observable  contamination.  These 
samples  will  be  sent  to  the  laboratory  for  chemical  analysis  in  addition  to 
those  from  the  predetermined  sampling  Intervals.  Using  an  OVA  or  hNJ 
Instrument,  field  measurements  of  volatile  organics  will  be  used  to  assess 
the  presence  of  contamination  during  coring  and  in  the  non-sample  portions 
of  the  cores. 

A  detailed  description  of  the  coring  anu  san^le  handling  procedure  can  be 
found  in  Sections  I  and  II  of  the  Task  2  RHA  Procedures  Manual. 

As  soon  as  the  samples  for  chemical  analysis  are  obtained,  the  cores  will  be 
resealed  and  stored.  Therefore,  the  cores  will  be  available  if  additional 
core  interpretation  is  deemed  necessary.  However,  it  may  not  be  possible  to 


Mnd  •ddltlonal  samples  to  the  laboratory  for  chemical  analyses  if  sample 
holding  times  are  exceetted. 


3.3.3  Phase  I  Program 

The  objective  of  the  Phase  I  soil  boring  program  is  to  determine  if 
contamination  is  present  in  the  soil  at  historical  waste  disposal  sites  and 
reported  spill  sites  through  the  screening  of  pollutants.  Phase  I  chemical 
analyses  include  screening  techniques  for  volatile  and  semivolatile  organics 
and  quantitative  analyses  for  arsenic,  tnercury,  metals,  dibromochloropropane 
(see  Table  4.2). 

The  purpose  for  drilling  these  borings  is  threefold: 

1}  to  determine  the  exact  depth  of  the  water  table  in  order  to  plan  the 
depths  of  the  remaining  site  borings; 

2)  to  obtain  at  least  one  soil  sample  directly  at  the  water  table; 

3)  to  obtain  chemical,  geologic  and  hydrologic  control  at  a  site. 

The  depth  of  Phase  I  borings  have  been  predetermined  based  on  an  assumed 
water-table  depth  and  are  shown  on  maps  later  in  this  section.  If  the 
assu.ad  water-table  is  very  different  from  the  measured  depth,  the  depths  of 
the  remainder  of  the  Phase  I  borings  will  be  estimated.  The  purpose  of 
these  shallower  borings  is  to  develop  lateral  control  across  a  sits. 

This  sampling  rationale  will  be  followed  in  hi;^,  low  and  uncontaminated 
trees.  At  some  sites,  such  as  landfills,  surflclal  toil  semplas  may  not  be 
ralleble  indicators  of  contamination.  To  decrease  the  number  of  semples 
analyzed  at  these  sites,  no  soil  samples  will  be  taken  in  the  zero  to  one 
foot  templing  interval. 

The  depths  of  the  sell  borings  will  range  from  5  to  25  feet  depending  on  the 
Bstimeted  depth  to  weter.  Prellminery  estimates  of  weter-table  depths  have 
made  for  each  site,  using  the  most  recent  South  Plants  weter-level  data 
obtained  from  the  Rocky  Mountain  Arsenal  Information  Center  (RIC)  library. 
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These  istimtes  were  used  to  develop  the  cost  estimates  for  the  soil  boring 
program. 


3.3.3  Site  Descriptions  and  Locations  of  Soli  Borings 


The  nineteen  sites  t^)at  will  be  investigated  In  this  soli  sanipl’ng  programs 
■re  individually  described  in  this  section.  Each  potentially  contaminated 
site  (high  or  low  priority)  was  identified  by  GSATHAMA  as  being  operated  by 
either  Shell  or  the  Army.  There  are  five  Shell  ooerated  sites,  two  Army 
operated  sites  and  three  Joint  Shell/Army  sites.  The  remaining  nine  sites 
are  considered  uncontaminated  and  no  responsible  party  was  assigned.  The 
site  summaries  presented  here  repasent  tha  sum  of  the  infoxTftatlon  on  these 
sites  found  in  the  literature.  The  accompanying  figures  are  preliminary 
skatches  of  the  sites  for  use  in  preparing  thir  plan.  The  first  step  in  the 
Phase  I  soil  boring  program  Is  a  thorou^  physical  reconnaissance  of  each 
site  and  an  update  of  these  inaps.  Some  planned  boreholes  mey  be  difficult 
to  drill  due  to  physical  conditions  and  will  be  relocated  during  the  field 
reconnaissance.  Other  boreholes  may  prove  to  be  very  near  the  existing 
boreholes  that  may  have  been  Lncorractly  located  and  will  need  to  be 
shifted.  Power  lines,  cement  slabs,  discovered  UXO's,  topography  end 
underground  utilities  will  be  reasons  for  relocating  the  borahclas  that  ara 
currently  unknown.  The  nineteen  sites  to  be  investigated  are  listed  and 
discussed  In  the  order:  Shell  only,  Joint  Shell  Army,  Army  only,  end 
Unasalgned. 

SHELL  OPERATED  SITES 

Site  r-T'  ^l vega  Yard  \ 

_  2 

A  salvage  yard,  consisting  of  approximately  299,000  ft  ,  Is  located  south 

of  the  old  lime  pits  (Site  1-5)  end  east  of  the  Sc  jth  Tanks  Farm.  Liquid 

wastes  and  products  were  stored  In  the  western  section  of  this  yard.  In 

1971,  leakage  was  observed  from  some  of  the  drums,  and  these  were  removed. 

Possible  contaminants  Include  both  organic  and  Inorganic  compounds.  Tha 

grtsimd  water  is  at  a  depth  of  approximately  14  feat  at  this  location,  fhls 

2 

Is  8  high  priority  sampling  slta,  and  a  boring  density  of  1/8,100  ft  was 


used.  Boring  locations  for  Site  1-6  are  shown  on  Figure  3.3-3.  A  total  of 
11  borings  will  be  drilled  in  Phase  I  as  follows; 


Number  of 

Total  Depth 

Number  of 

Borings 

(ft) 

Samolfcs 

2 

15 

8 

2 

10 

6 

7 

5 

14 

Totals:  11 

28 

Site  1-10  South  Tank  Farm  Storage  Area 

2 

TTw  South  Tank  Farm  Storage  Area  has  an  area  of  approximately  600,000  ft  , 

2 

and  the  area  not  currently  occupied  by  tanks  is  epproximately  A42.S00  ft  . 
Tanks  462A  and  8  were  used  for  the  storage  of  fuel  oil,  and  Tanks  A63A-H 
were  used  to  store  ethyl  alcohol  from  December  1942  through  Hay  1943.  Tank 
cars  of  fuel  oil  and  ethyl  alcohol  were  unloaded  through  a  nearby  pumphouse. 
Building  461.  Tank  462S  was  removed,  and  relocated  to  Site  321F,  prior  to 
1982.  Tanks  4630  and  E  have  also  been  removed.  Jn  1948,  a  100,000  gaUpn. 
benzene  spill  occurred  in  this  area.  A  1,5<W 

spill,  was  reported  to  have  occurred  in  this  area  on  August  8,  1976;  and  il 
30,864  gallon  BCH  spill  was  reported  in  September  1978.  This  area  ha*  a 
high  sampling  priority.  The  water  table  is  at  a  depth  of  approx Lsately  13 
feet.  The  boring  (tensity  is  1^1^,000  ft^.  Figure  3.3-4  shows  the  boring 
locations  for  Sita  1-10.  Thirteen  borings  will  be  drilled  in  Phase  I  as 
follows: 


Number  of 

Total  Depth 

Number  of 

Borings 

(ft) 

Sanoles 

3 

13 

12 

3 

10 

9 

7 

3 

14 

Totals:  13 

35 
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Site  1-13 


South  Plants  Spill  Sites  Section  1 


Numerous  spills  and  leaks  have  occurred  in  the  South  Plants  area  and  many 
have  been  documented  in  the  literature.  An  initial  literature  review 
indicated  50  spill  sites  that  were  investigated  further  due  to  the  size  and 
type  of  the  spill.  Since  March,  1985  additional  spill  information  has  been 
received.  This  included  Shell  responses  to  Interrogatories  18-20  of  the 
Army's  first  set  of  interrogatories,  and  a  letter  from  Shell  dated  Hay  1, 
1985  that  provided  a  better  definition  of  som»  of  the  sites.  All  of  the 
sites  reviewed  are  briefly  described  in  this  section.  The  number  of  borings 
has  been  estimated  for  each  site  based  on  the  apparent  accuracy  of  the  spill 
location  from  literature  and  a  recent  field  check.  If  the  spill  location  is 
not  definite,  then  three  borings  with  the  prescribed  sampling  interval  have 
been  planned.  With  two  exceptions,  no  more  than  three  borings  are  used  to 
locate  a  spill  due  to  cost  constraints. 


The  following  is  a  brief  description,  by  area,  of  the  investigated  spills 


in  Section  1 . 
Figure  3,3-5. 


Approximate  locations  of  the  spill  sites  are  shown  on 


A.  Building  413 

/ 

An  estimated  16,000  gallons  of  aldrin-benzene  (60%  w)  leaked  from 
an  overhead  pipeline  during  an  unfreezing  operation  on  a  water 
line  in  1952.  Cleanup  consisted  of  removal  of  the  solidified 
aldrin.  Shell  Indicated  the  remains  of  the  pipeline  supports  west 
of  the  building.  Two  boreholes  are  planned  under  the  pipeline  and 
in  a  nearby  drainage. 

B.  Building  422 

1.  Between  1951  and  1953  an  estimated  1500  gallons  of 
aldrin-benzene  (60%  w)  was  spilled  in  the  tank  area  northwest 
of  Building  422.  The  tank  area  is  now  underneath  the 
northwest  wing  of  the  building.  Two  boreholes,  one  north  of 
the  wing  and  one  south,  are  to  be  drilled. 

2.  In  1951  an  exploalcn  of  an  aldrin  reactor  (R-19)  with  a 
capacity  of  10,500  gallons  occured  in  the  eastern  side  of 
Building  422.  Shell  indicated  that  a  basement  sump  collected 
the  resulting  aldrin-benzene,  BCH  and  HCCPO  mixture  and  punped 
it  to  the  waste  ditch  east  of  the  buildings.  The  building  was 
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washed  down  and  Shell  reports  the  contaminated  soil  was 
removed.  Two  boreholes  are  located  In  the  ditch. 

3.  A  sewer  line  reportedly  leaked  near  this  building  between  1950 
and  1974.  No  cleanup  is  recorded.  A  contaminated  waste  line 
runs  north-south  east  of  Building  422.  The  sewers  will  not  be 
examined  in  this  task.  The  interrogatory  responses  and  the 
May  1,  1985  letter  indicate  this  is  a  spill  related  to  the 
Building  422  sump  pumping  to  the  ditch  examined  in  the  1951 
explosion,  B2. 

4.  A  spent  acid  line  leak  west  of  Building  422  is  recorded  in 
1973  as  spilling  100  gallons.  The  line  parallels  a  north- 
south  sanitary  sewer.  Three  boreholes  will  be  drilled  between 
the  line  and  the  sewer. 

C.  Building  424A 

A  200  gallon  BCH  spill  Tanks  120  and  121  occurred  east  of  Building 
424A  in  1960  in  the  northern  portion  of  an  equipment  yard  (70  feet 
by  30  feet)  as  seen  on  a  1982  aerial  photograph.  Three  boreholes 
are  planned. 

0.  Building  433 

1.  In  1971  100  gallons  of  0-0  soil  fumigant  was  spilled  during  a 
tank  care  overflow  on  the  south  side  of  the  railroad  tracks  at 
one  of  four  rail  car  load  spots  west  of  Building  461.  Four 
boreholes,  one  at  each  load  spot  are  to  be  drilled. 

2.  In  1975  250  gallons  of  0-0  soil  fumigant  was  spilled  at  the 
tank  truck  load  spot  southeast  of  Building  433  and  flowed  into 
a  ditch.  The  dirt  was  removed  from  the  ditch.  One  borehole 
is  to  be  drilled  at  the  load  spot. 

3.  In  1973  greater  than  55  gallons  of  DCPO  was  spilled  when  a 
previously  unmarked  pipe  was  punctured.  The  pipe  lies 
north-south,  south  of  the  center  of  Building  433.  Two  bore 
holes  will  be  drilled  in  the  ditch  ncrth  and  south  of  the  road. 

4.  In  1981  or  later  approximately  1  quart  of  D-0  soil  fumigant 
was  spilled  west  of  Building  461  during  a  tart<  car  unloading. 
This  spill  is  Investigated  with  the  boreholes  used  to 
Investigate  spill  01. 

E.  Building  451 

Greater  than  55  gallons  of  Azodrin  spilled  from  leaking  5  and  30 
gallon  containers  on  a  flat  car  in  a  hot  house  southeast  of 
Building  451  in  1974.  The  dirt  was  removed  from  this  site,  and 
the  area  was  spread  with  soda  ash.  Two  boreholes  are  planned  on 
the  railroad  track  between  Buildings  451  and  475. 
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F.  Tanks  462  A,  B;  463  A-H 

Six  reported  spills  occurred  in  the  south  tank  farm  (Site  1-10). 
They  are  a  100,000  gallon  benzene  spill  in  1943;  a  1,400  gallon 
spill  of  BCH  bottoms  in  1956;  a  1,500  gallon  spill  of  DCPD 
bottoms/No.  6  fuel  oil  in  1967;  a  1,548  gallons  dicyclopentadiene 
(DCPO)  Bottom/No.  6  fuel  oil  on  August  8,  1976;  50,864  gallons  BCH 
Bottom/No.  6  fuel  Oil  in  September,  1978.  In  addition,  between 
1967  and  1975  an  estimated  55  gallons  of  spent  acid  was  spilled. 
These  spills  are  located  within  Site  1-10.  The  sampling  scheme  is 
shown  in  the  site  discussion  and  Figure  3.3-4. 

G.  Building  471 

1.  A  leak  from  Tank  132  southeast  of  Building  471  spilled 
approximately  100  gallons  of  allyl  chloride  in  1972.  One 
borehole  is  planned  oast  of  the  tank. 

2.  In  an  overflow  of  Tank  132,  550  gallons  of  allyl  chloride  was 
spilled  in  1976.  The  affected  soil  was  removed.  The  borehole 
planned  in  the  previous  incident  will  look  for  evidence  of 
this  spill  also. 

3.  A  200  gallon  Vapora  spill  that  occurred  between  1960  and  1980 
south  of  Building  471  is  too  indefinitely  located  in  the 
records  to  drill.  This  drilling  program  already  has  three 
boreholes  planned  for  south  of  Building  471. 

4.  Leaks  from  a  tank  car  containing  Nemagon  at  a  loading  spot 
north  of  Building  471  totaled  less  than  93  gallons  in  1971  and 
affected  a  25  square  foot  area.  No  clean  up  action  is 
recorded.  The  unload  spot  was  indentified  as  2-471  by  Shell 
in  the  Hay  1,  1985  letter.  One  borehole  will  be  drilled  at 
this  unload  spot. 

5.  In  1973  over  1000  gallons  of  Nemagon  were  spilled  at  a  loading 
spot  north  cf  Building  471  identified  by  Shell  as  2-471.  One 
borehole  is  already  planned  at  this  unload  spot. 

6.  A  tank  car  overflow  at  an  unload  spot  between  Buildings  451 
and  473  soilled  over  2000  gallons  of  ally!  chloride  in  1975. 
The  allyl  chloride  drained  off  the  area  via  the  surface 
drainage  and  some  was  recovered.  A  borehole  has  been  sited  at 
unload  spot  3-471  intercept  the  effect  of  this  spill. 

7.  Overflow  of  Tank  133  during  filling  spilled  300  gallons  of 
mineral  spirits  in  1975  near  an  unload  spot  between  Buildings 
451  and  471.  Corrective  measures  are  listed  by  Shell  as 
recovery  of  1000  gallons  that  were  trapped  in  the  trench  and 
clean  up  of  the  r'jcks  and  dirt.  One  oorehole  is  located  at 
unload  spot  4-471  to  intercept  this  Fpiil. 

8.  Several  spills  are  recorded  as  occuring  sometime  between  1950 
and  1981  in  the  tank  farm  associated  with  Building  471.  The 
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farm  was  reportedly  concrete  lined  but  not  coapletley.  Many 
of  the  spills  were  readily  trapped  and  recovered.  Others  w<  ce 
in  contact  with  the  soil.  One  borehole  is  planned  south  of 
Building  471  near  an  existing  monitoring  well  (371). 

9.  An  acetone  spill  of  a  few  gallons  was  associated  with  the  tank 
farm  in  1977  or  1978  from  Tank  1173.  A  single  borehole  aast 
of  the  large  concrete  lined  tank  farm  south  of  Building  471 
will  be  drilled. 

10.  A  1981  spill  of  500  gallon j  of  chloral  bottoms  on  the  ground 
under  Building  471  was  mentioned  by  Shell.  Boreholes 
associated  wit!)  G1  through  G?  are  around  the  building,  but  the 
most  likely  area  south  of  the  building  and  north  of  Building 
472  is  inaccessible  to  the  rig. 

11.  An  underground  leak  from  a  sump  and  sewerline  spilled  an 
estimated  300  gallons  of  NaOH  and  acid  near  Building  471  in 
September,  1981.  No  record  of  cleanup  is  found.  The 
boreholes  associated  with  G1  to  G9  cover  this  area. 

12.  Over  1000  gallons  of  Nemagon  was  spilled  in  a  tank  car 
unloading  north  of  Building  471  in  1974.  Sor^oles  G7,  G6  and 
G4  drill  at  unload  spots  .4-471,  3-471  and  2-471  respectively. 
One  borehole  will  be  added  at  unload  spot  1-471.  It  will  be 
labelled  G602. 

13.  Chloral  distillation  bottoms  were  spilled  on  the  ground  under 
Building  471  in  1981  from  a  broken  pipe  in  the  process  sewer 
line.  Over  500  gallons  are  recorded  spilled  and  no  cleanup  is 
indicated.  The  area  around  the  build.lng  is  covered  by  seven 
boreholes.  An  uninvestigated  area  thjt  is  inaccessible  to  the 
rig  is  south  of  the  building  and  north  of  Building  472  as 
mentioned  under  spill  GIO. 

14.  An  open  valve  during  a  product  transfer  operation  spilled 
53,397  pounds  of  Vapona  into  the  ground  in  diked  area  in  the 
tank  farm  south  of  Building  472  in  1980.  A  sump  removed  the 
product  and  soil  was  removed  to  a  depth  of  3  or  4  feef.  This 
tank  farm  is  now  concrete  lined.  Boreholes  investigating 
spills  G8  and  G9  will  investigate  this  spill. 

15.  Several  spills  of  unknown  amounts  of  bromine  occured  near 
Building  471  between  1955  and  1975.  Boreholes  used  to 
investigate  spills  Gl,  G4,  G6,  G7  and  G8  will  be  used  to 
investigate  this  spill. 

16.  In  1981  or  later  i/2  pint  of  chloral  was  spilled  on  to 

concrete  in  the  Building  471  tank  farm.  T!)8  area  was  washed 
and  cleaned  up.  This  spill  is  very  small;  it  will  possibly  be 
investigated  by  the  boreholes  used  to  investigate  G8  and  G9. 
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17.  In  1981  ot  later  20  drops  of  trinnethyl  phosphite  were  spilled 
on  the  ground  and  1/2  cup  spilled  on  the  pump  base  due  to  a 
valve  misf unction  on  a  loadline  at  tank  car  load  spot  1>47I. 
No  clean  up  is  recorded.  This  spill  is  investigated  by  the 
borehole  used  to  investigate  spill  G12. 

H.  Building  511 

A  1200  gallon  hexane  spill  from  a  broken  line  during  a  tank  car 
unloading  occurred  on  the  railroad  tracks  north  of  Building  516  in 
1956.  No  cleanup  action  is  recorded.  In  addition,  Kuznear  and 
Trautmann  (1980)  cite  that  large  amounts  of  Lewisite  were  lost 
through  leakage  of  pipes  and  tanks  in  the  area.  Shell  indicated 
in  the  May  1  letter  this  spill  occured  near  unload  spot  1-534  near 
the  switch  area.  One  borehole  is  planned. 

I.  Building  512 

1.  In  1965  500  gallons  of  chlorothiophenol  (CTP)  were  spilled 
unloading  a  tank  car  northwest  of  Building  512.  Shell 
interrogatory  response  incident  number  25  indicates  several 
such  spills  occured  between  1966  and  1975.  The  bad  odor  of 
this  chemical  makes  it  likely  to  have  been  removed.  One 
boring  has  been  located  at  this  spill. 

2.  Several  HCJPO  spills  in  the  form  of  tank  overflows  occured 
between  1953  and  1964  in  the  reactor  area  east  of  Building 
512.  The  concrete  pad  below  the  reactor  reportedly  caught 
most  of  the  spill  and  drained  it  to  the  chemical  sewer.  The 
splashed  soil  was  removed.  One  borehole  in  the  reactor  area 
is  planned. 

3.  Several  spills  occurred  between  1953  and  1964  that  are  listed 
as  around  Building  512.  The  spills  involve  400  gallons  of 
Isopropanol,  1500  gallons  of  HCCPO  and  unknown  amounts  of 
compound  773.  Some  of  the  HCCPO  was  removed.  In  addition, 
overflows  of  tank  vents  onto  the  roof  and  the  ground  below  the 
roof  around  Building  512  are  recorded.  Two  boreholes  are 
planned  in  the  reactor  area. 

4.  Mercury  is  reported  spilled  around  and  behind  Building  512. 
One  borehole  is  located  on  the  west  side  of  the  building. 

3.  Building  514 

Several  spills  are  associated  with  Building  514.  The  spills, 
which  are  in  scattered  locations,  are: 

1.  O'/erf low  of  500  gallons  of  acetone  from  tank  178  in  1979  was 
contained  in  a  diked  area  around  the  tank.  Boreholes  under 
spill  sites  J3  and  J5  are  planned  to  include  this  spill. 

2.  Drum  washing  on  the  north  dock  of  Building  514  between  1963 
and  1981  spilled  dilute  amounts  of  azodrin,  acetone, 
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chloroform  and  )«CAA  onto  the  surrounding  area.  Dne  borehole 
is  located  north  of  this  dock. 

3.  Leakage  of  500  gallons  of  caustic  soda  (20%  w)  from  tank  65  in 
1978  spilled  onto  the  ground.  The  dirt  «ras  replaced  in  the 
Inmediate  vicinity.  One  borehole  is  located  south  of  this 
tank. 

4.  Regular  or  continuous  leakage  from  Tank  65  from  1978  to  1981 
of  caustic  soda  (20%  w)  was  reported.  The  dirt  was  replaced 
in  the  immediate  vicinity.  The  borehole  drilled  under  spill 
site  J3  investigates  this  spill  also. 

5.  Failure  of  a  high  level  cutoff  on  Tank  116  north  of  Building 
514  spilled  7400  gallons  of  caustic  soda  (20%  w)  on  December 
29,  1971.  The  tank  has  been  removed  and  one  torehole  is 
located  on  its  previous  location. 

6.  In  the  mid-196Q's  tank  car  overflows  of  caustic  soda  (50%  w) 
of  at  least  200  gallons  occurred  at  unload  spots  1-514  and 
2-514.  One  borehole  is  planned  for  each  unload  spot. 

7.  Tank  1140  in  the  center  of  the  tank  farm  overflowed  on  the 
north  side  in  1976,  spilling  960  gallons  of  chloroform  on  to 
the  ground.  The  existing  concrete  beams  were  not  there  when 
the  spill  occured.  One  borehole  is  planned  north  of  this  tank 
farm. 


8.  A  tank  car  overflow  in  Septen^er  1963  spilled  1700  gallons  of 
DCPO  in  what  is  labelled  the  south  tank  farm  north  of  Building 
514.  Two  boreholes  are  located  north  and  south  of  the  west 
end  of  the  tank  farm  north  of  Building  514. 

9.  Overflow  of  Tanks  1272  and  1273  north  of  Building  513  spilled 
3000  gallons  of  trlmethyl  phosphite  (THP)  onto  the  surrounding 
soil  in  1970.  Dirt  was  removed  to  a  depth  of  2  to  3  feet. 
One  borehole  (0903)  is  planned  north  of  the  tanks.  Two 
additional  boreholes  labelled  0901  and  0902  are  used  to 
investigate  spill  Oil  and  0904  is  used  to  investigate  spill 
012  for  numbering  convenience  only. 

10.  Spill  of  1000  gallons  from  overflow  of  a  benzene  tank  in  the 
tank  farm  north  of  Building  514  is  reported  in  1955.  The 
affected  soil  was  removed.  As  no  specific  tank  is  indicated, 
boreholes  at  sites  03,  05,  07,  08  and  09  are  placed  to  find 
this  spill  as  well. 

11.  Approximately  900  gallons  of  caustic  soda  (20%  w)  spilled  east 
of  Building  514  in  1969  while  thawing  a  frozen  line  from 
Buildings  514,  515,  516  and  534  to  the  tank  farm.  Boreholes 

.  0901  and  0902  are  planned  to  investigate  this  spill.  - 

12.  A  200  to  500  gallon  spill  of  >41A  (mono  methyl/amine)  occurred 
in  1980  in  the  northeast  end  of  the  tank  farm  north  of 
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Building  514.  One  borehole  Is  planned  east  of  the  tank  farm 
north  of  Building  5140.  This  borehole  Is  labelled  J904. 

13.  In  1978  a  100  gallon  dlmethy lamina  (DMA)  spill  Is  recorded  In 
the  Building  514  tank  farm.  Boreholes  for  spills  J8,  J9,  and 
JIO  are  also  Investigating  this  spill. 

14.  A  large  spill  of  Bldrin  (1.tqo  gallons)  was  reported  for  1978 
In  the  vicinity  of  Building  514.  The  spill  is  reported  going 
to  the  chemical  sewer,  no  further  information  is  given.  This 
spill  may  be  investigated  by  boreholes  for  spills  Kl,  32,  and 
36. 

K.  Building  516 

1.  Several  incidents  occurred  between  1952  and  1970  of  sump 
overflow  to  tho  contaminated  sewers  north  of  Building  516. 
Acetic  acid,  aldrin,  benzene,  caustic  soda  (20%  w),  dieldrin, 
endrin,  and  xylene  were  spilled.  Two  boreholes  north  of  the 
sump  and  along  the  surface  route  to  the  chemical  sewer  are 
planned. 

2.  In  1970  spills  from  vat  1096  in  Building  516  of  1500  gallons 
of  sulfone  reached  the  surface  drains  and  sewers  outside  and 
north  of  the  building  through  the  surp  system.  This  spill  is 
investigated  by  boreholes  for  spill  Kl. 

3.  HCCPO  and  water  would  occasionally  flow  out  the  north  side  of 
Building  514  north  of  Building  516  between  1949  and  1955 
related  to  phase  separator  spills  on  the  northeast  dock.  This 
spill  is  investigated  by  boreholes  for  spills  32  and  36. 

4.  In  1952  a  chemical  reaction  explosion  in  Building  516  spilled 
hydrogen  peroxide,  acetic  acid,  sulfuric  acid,  possibly  Aldrin 
and  Oieldrln  in  benzene,  chlorine  and  HCCPO  in  an  unknown 
volume.  The  explosion  was  possibly  contained  within  the 
building.  In  which  case  it  will  be  Investigated  by  the 
boreholes  for  spill  Kl  which  are  near  the  sumps.  The 
explosion  may  have  reached  outside  the  building  by  a  direct 
route  and  one  borehole  west  of  the  building  is  planned. 

L.  Building  521 

1.  Five  hundred  gallons  of  cyclopentadienc  (CPD)  and  DCPO  spilled 
between  1949  and  1974  north  of  Building  521  on  the  west  end  of 
the  tank  farm.  Two  boreholes  are  located  northeast  of  the 
building  south  of  the  tank  farm. 

2.  A  200  gallon  HCCPO  spill  (overflows  of  Tanks  111  and  112) 
occurred  between  1949  and  1955.  These  tanks  were  located 
between  Buildings  521  and  525,  and  partially  under  Building 
525.  No  bore  holes  will  be  drilled  in  Phase  I  here. 
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H.  PMlldlng  522A 

1.  A  16,000  gallon  benzene  spill  from  a  gasket  failure  in  an 
overhead  line  covered  the  railroad  tracks  with  frozen  benzene 
between  1951  and  1953,  south  of  Building  522A.  Two  boreholes 
north  and  south  of  the  tracks  ore  planned. 

N.  Building  528 

1.  In  December  1958  a  leak  In  an  underground  transfer  line 
released  650  or  5105  gallons  of  CPO  bottoms  southeast  of 
Building  536.  No  cleanup  Is  Indicated  and  the  underground 
line  was  replaced  by  sn  above-ground  line.  One  borehole  Is 
located  southeast  of  Building  336. 

2.  Overflow  of  a  sulfuryl  chloride  recovery  unit  east  of  Building 
528  in  1958  spilled  200  gallons.  One  borehole  is  located  east 
of  528. 

3.  Overflows  of  Tanks  6  and  7  south  of  Building  528  spilled 
greater  than  55  galllons  of  DCPO  between  1949  and  1974.  The 
chemical  flowed  east  to  the  ditch  on  the  east  side  of  Building 
528.  One  borehole  is  planned  in  the  tanks  area. 

O.  Building  534 

1.  In  1949  2,000  gallons  of  heptane  was  drained  from  the 

chlordane  process  north  of  Building  5348.  No  cleanup  actions 

are  recorded.  Two  boreholes  are  planned  north  of  Building 
5348. 

2.  Tank  overflows  of  100  gallons  of  mixed  acid  in  1969  are 
reported  in  the  tank  farm  north  of  Building  534A.  The  floor 
of  the  tank  area  was  flooded  and  seepage  may  have  occurred 
through  cracks.  Cleanup  consisted  of  washing  the  acid  to  the 
contaminated  sewer.  Three  boreholes  in  the  tank  are  planned. 

3.  Overflow  of  Tank  15  east  of  Building  534  occurred  in  1974. 

There  is  no  reported  cleanup  of  the  1,000  gallons  of  hexane 

spilled  from  the  tank.  Two  boreholes  near  the  tank  are 
planned. 

4.  An  explosion  of  crystallizer  on  the  northeast  side  of  B»jilding 
5348  released  400  gallons  of  4-chloro-3,5-dinitrophenyl  methyl 
sulfone  and  mixed  acid  in  1975.  One  borehole  is  located  east 
of  Building  5348. 

5.  Mercury  is  reported  spilled  around  Building  534  during  the 
period  1969-1978.  Since  several  boreholes  are  scheduled 
northeast  of  Building  5348,  two  additional  boreholes  southwest 
of  Building  5348  are  planned. 

6.  Three  times  Lt  1981  near  Tank  161  east  of  Building  534  a  tank 
overflowed  500,  10  and  5  ■'allons  into  a  concrete  dike  within  a 
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6  by  60  foot  earthen  area.  The  spills  were  diluted  and 
flushed  to  the  chemical  sewer.  One  borehole  north  of  the 
tanks  east  of  Building  534  Is  planned. 

R.  Building  514 

1.  In  1966  a  tank  explosion  occurred  in  the  northwest  room  In 
Building  514  which  blew  the  tank  through  the  wall  spilling 
approximately  1,000  gallons  of  azodrln.  Most  of  the  spill  was 
Inside  the  building.  Boreholes  north  of  the  building  include 
those  Investigating  spills  J2  and  36.  A  borehole  west  of  the 
building  used  to  investigate  spill  K4  will  be  used  to 
investigate  this  spill. 

S.  Building  435 

1.  In  1973  approximately  100  gallons  of  spent  acid  leaked  from  a 
corroded  line  southwest  of  the  east  gas  holder  (Building 
435).  There  was  no  reported  cleanup  at  this  site.  Four 
boreholes  are  planned  In  the  field  south  of  Building  435  and 
north  of  the  railroad  tracks  along  pipeline  and  In  poorly 
vegetcted  areas. 

T .  Building  571B 

1.  In  1960  near  the  flare  between  Buildings  571,  571B  and  504  a 
release  from  an  experimental  Hex-Acetylene  reactor  spilled  150 
gallons  of  HCCPO  (hoxochlorocyclopentadiene).  One  borehole 
north  of  the  flare  Is  planned. 

2.  Approximately  100  gallons  of  sulfuryl  chloride  spilled  due  to 
the  overpressuring  of  a  tank  trailer  (t.iring  loading  in  1978. 
This  occurred  north  of  Building  571B  near  the  flare.  Cleanup 
consisted  of  soil  removal.  One  borehole  east  of  the  flare  Is 
planned. 

3.  Between  1950  and  1952  J.  H.  Hyman  had  a  landfill  on  the  east 
side  of  the  flare  tower  In  the  CCT  area.  Chemicals  disposed 
in  the  landfill  Included  HCCPO,  tetrachlorocyclopentaine, 
octachlorocyclopentene,  hexachlorobutadlene,  perchiorbenzenes 
and  resinous  materials  composing  hex  bottoms.  Groundwater 
monitoring  wes  Installed  in  1978-1979  a.~.d  the  wastes  are 
reportedly  not  migrating  from  the  site.  The  borehole  T2  which 
Is  eas^  of  the  flare  will  used  to  Investigate  this  spill. 

4.  »fest  of  Building  5718  in  1982  a  5  to  10  gallon  mixture  of 
water  and  methyllscbutyl  ketone  wes  spilled  In  19S2.  The 
spill  affected  25  square  feet  from  which  the  soil  and  rock  wa*.. 
removed.  A  single  boring  in  the  Incinerator  area  northwest  of 
Building  5718  is  planned. 

5.  In  the  incinerator  area  In  1981,  200  to  300  pounds  (25 
gallons)  of  a  water/methyllsobutyl  ketone  mixture  was  spilled 


through  a  leaking  filter  gasket.  The  area  was  decontaminated 
with  bleach  and  the  dirt  removed.  The  borehole  drilled  for 
spill  T4  will  investigate  this  area. 


U.  Building  506 

1.  North  of  Building  506,  200  gallons  of  Shell  fertilizer 
solution  8-0-0-IS  was  sj-illed  in  1979.  The  contaminated  soil 
and  fertilizer  was  removed.  One  borehole  north  of  Building 
506  is  planned. 

2.  In  the  same  area  vat  1255  filled  with  OCT  effluent  overflowed 
an  estimated  1,000  gallons  onto  the  surrounding  gravel  in 
1981.  One  borehole  is  located  near  this  tank. 

V.  Building  464 

1.  About  1960  a  quarter  inch  drain  line  froze  and  broke  allowing 
an  unknown  amount  of  6CH  bottoms  to  spill  onto  the  gravel 
below  Tank  4648  south  of  Building  464.  No  cleanup  is 
recorded.  Two  boreholes  north  and  south  of  Tank  4646  are 
planned. 

2.  In  1967  spills  from  cleaning  out  Tank  464  south  of  Building 
464  of  1,500  gallons  of  OCPD  bottoms  and  No.  6  fuel  oil  flowed 
to  a  low  spot  in  the  tank  farm  area.  The  material  was  picked 
up,  drained  and  removed  around  1974.  Two  boreholes  in  the  low 
area  north  of  Tank  464A  ara  planned. 

3.  Between  1967  and  1975  spent  acid  was  spilled  during  tank  truck 
loading  near  Tank  4644  west  of  Building  464.  One  borehole  li 
planned  in  this  area. 

4.  In  1976  a  line  holed  out  during  transfer  of  DCPO  bottoms  from 
Tank  321E  to  Tank  4644  spilling  1,548  gallons  onto  the  soil. 
The  affected  soil  was  removed.  One  borehole  Is  located 
southwest  of  Tank  4644.  Boreholes  investigating  spills  V2  and 
V3  are  located  north  of  Tank  4644. 

5.  In  1956  1,400  gallons  of  8CH  bottoms  were  lost  cleaning  Tank 
4646.  No  cleanup  is  recorded.  One  borehole  will  be  used  to 
investigate  this  spill. 

W.  Building  515 

1.  In  1957  an  endrin  vent  line  overflow  north  of  Building  515 
spilled  3,000  gallons  of  benzene  onto  the  ground.  No  cleanup 
is  recorded.  Two  boreholes  are  planned  east  and  west  of  the 
north  wing  of  Building  515. 

X.  Rallyards 

1.  Incident  56  in  the  Shell  Interrogatory  Responsas  13  to  20 
recounts  the  spills  assumed  responsible  for  tli«  'JBCP  plume 
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Migrating  to  the  northwest  boundary.  The  source  is  considered 
to  probably  be  the  rail  classification  yard  in  Section  3  west 
of  the  South  Plants.  These  spills  will  not  be  investigated  in 
Task  2. 

y.  Section  36 

1.  Between  1962  and  1973  surface  waste  drum  storage  in  the 
southwest  quarter  of  Section  36  spilled  unknown  amounts  of 
varying  Shell  chemicals  as  reported  in  the  Incictent  57  of  the 
Shell  Interrogatory  Responses  18  to  20.  These  spills  will  not 
be  investigated  in  Task  2. 

2.  From  the  early  1950s  to  the  mid-1960s,  18  trenches  in  Section 
36  of  varying  sizes  were  used  to  dispose  of  bulk  waste  as 
reported  in  Incident  58  of  the  Shell  Interrogatory  Responses 
18  to  20.  These  spills  will  not  be  investlgeted  in  Task  2. 

2.  Tank  1315 

1.  In  1981  a  leak  in  a  hose  allowed  a  spill  of  one  pint  of  Nudrin 
heavy  ends  near  Tank  1315.  This  spill  is  too  smell  to  drill  a 
borehole  in  this  investigaticm. 

Site  2-14  Sanitary  Landfill 


Two  separata  landfills  are  considered  to  be  Sita  2-14.  One  landfill  is  west 

2 

of  Building  347,  end  is  comprised  of  approximately  147,200  ft  .  This  is 

shown  as  Sita  2-14a  in  Figure  3.3-6.  The  other  landfill  is  south  and  east 

2 

of  Building  362,  and  comprises  approximately  42,300  ft  .  This  is  shown  as 

Site  2-14b  in  Figure  3.3-7,  Contamlnents  mey  include  both  organic  and 

inorganic  compounds.  Very  little  historical  information  is  available. 

Because  the  ground  has  been  disturbed,  and  unknown  moterials  ere  buried,  a 

geophysical  reconnalssanca  is  requested  befcre  drilling  can  precede.  Depth 

to  water  at  Sita  2-l4a  is  approximately  20  feet.  A  boring  density  of 
2 

i/4,9(X}  ft  will  be  used,  resulting  in  tan  borings  to  be  drilled  during 
Phase  I  as  follows: 
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Number  of 

Total  Depth 

Number  of 

Borings 

(ft) 

Samoles 

2 

20 

8 

2 

15 

6 

2 

ID 

4 

4 

5 

4 

Totals: 

10 

22 

Depth  to  water  at  Site  2-14b  is  approximately  12  feet.  A  boring  density  of 


1/1,600  ft^  will  be  used, 

resulting  in  eight  Phase  I  borings. 

Number  of 

Total  Depth 

Number  of 

Borings 

(ft) 

Sandies 

2 

15 

6 

2 

10 

4 

4 

5 

4 

Totals:  8 

14 

No  surface  samples  (0-1.0  feet)  will  be  taken  from  any  of  the  borings 
drilled  at  Sites  2-i4a  or  l-14b. 

Site  2-18  South  Plants  Spill  Sites  Section  2 

Numerous  spills  and  leaks  have  occurred  in  the  South  Plants  area  in  Section 
2,  but  few  have  been  docunented  in  the  literature.  The  information  sources 
for  spill  site  location  in  Section  2  are  the  same  as  those  for  spill  sites 
areas  in  Section  1  described  in  the  text  for  Site  1-13.  The  following  is  a 
brief  description  of  the  spills  in  Section  2.  Approximate  locations  of  the 
spill  sites  are  shown  on  Figure  3.3-8. 


3-34 


ifwa  «.  rcmv 

Revision  1  -  8/85 


P.  Building  254 

1.  In  1964  30  gallon  drums  of  Naled  (OIBROM)  stacked  on  the 
southwest  wall  of  Building  234  leaked  over  200  gallons.  No 
cleanup  Is  recorded.  Two  boreholes  are  planned  In  the  ditches 
north  and  south  of  the  road  south  of  Building  234. 

2.  Sometime  between  1968  and  1972,  Naled  leaked  from  thirty  gallon 
drums  stacked  south  of  Building  234.  The  leaking  drums  were 
contained  and  removed  along  with  the  contaminated  soil.  This 
spill  is  investigated  using  boreholes  used  to  investigate  spill 
PI. 

Q.  Building  3/>7 

1.  In  1973  two  thirty  gallon  drums  of  Nemagon  (OBCP)  south  of 
Building  347  were  punctured  by  a  forklift  spilling  60  gallons  of 
liquid  across  the  blacktopped  loading  area  and  into  the  ditch. 
The  area  was  diked  and  sand  swept  over  the  spill  and  the  dirt 
removed.  Three  boreholes  are  planned  in  this  area  south  of 
Building  347.  One  is  located  in  the  ditch  north  of  Building 
343,  and  two  are  located  in  ditches  at  the  west  end  of  Building 
347. 


JOINTLY  OPERATED  SITES 


Site  1>5  Lime  Pits  and  Storage  Area 


2 

Two  revetted  storage  areas,  comprising  a  total  of  over  96,000  ft  have 

been  identified  from  1982  aerial  photographs,  historical  records,  and  the 

South  Plants  location  map.  These  pits  were  filled  with  both  organic  and 

inorganic  compounds,  including  heavy  metals,  from  1943  through  the  late 

1950s.  Waste  products  of  slate,  lime,  and  acetylene  were  also  disposed  of 

at  this  location  until  the  1950s  when  this  settling  basin  was  abandoned  and 

the  lime  pits  in  Section  36  were  opened.  Leakage  from  Sits  1-3  was  suspected 

to  have  contributed  to  contamination  in  Lower  Derby  Lake.  A  boring  density 
2 

of  1/3,600  ft  was  used  to  determine  total  number  of  sampling  locations. 

The  water  table  is  estimated  to  be  at  a  depth  of  about  13  feet.  Figure 
3.3-9  shows  the  boring  locations  for  Site  1-5.  Eight  borings  will  be 
drilled  and  sampled  in  Phase  I  as  follows: 
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Number  of 
Borings 


Total  Depth 
_ CCtl _ 


Number  of 
Samples 


2 

2 

4 


15 

10 

5 


6 

4 

4 


Totals:  8 


14 


No  samples  will  be  taken  from  the  0  to  1  foot  interval  because  the  lime 
ponds  were  covered  at  the  surface. 


Site  2-3  Lagcon 

2 

A  small  lagoon,  approximately  39,500  ft  in  area,  contained  standing  liquid 

in  the  1940s.  Potential  contaminants  include  both  organic  and  inorganic 

compounds.  This  area  was  covered  or  filled  in  by  1955;  therefore,  no 

samples  from  the  0-1.0  foot  interval  will  be  taken.  A  boring  density  of 
2 

1/1,600  ft  will  be  used.  Depth  to  water  is  approximately  15  feet. 
Figure  3.3-10  shows  the  boring  locations  for  Site  2-3.  Eight  borings  will 
be  drilled  in  Phase  I  as  follows: 


Number  of 

-BpjJjoas 


Total  Depth 

— iiy _ 


Number  of 
Samples 


2  15  6 

2  10  4 

4  5  4 


Totals:  8  14 

Site  2-7  Aeration  Basin 

The  aeration  basin  site  is  located  south  of  Building  326  and  is 

2 

approximately  25,200  ft  in  area.  It  consists  of  a  5  foot  deep  concrete 
basin  with  four  north-south  rows  of  twelve  and  one  foot  square  concrete 
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pillars  spaced  evenly  supporting  a  piping  system.  Open  storage,  mounded 

materials,  and  pits  have  been  observed  west  of  this  basin.  Cepth  to  water 

at  this  site  is  approximately  10  feet.  Figure  3.3-11  shows  the  boring 

2 

locations  for  Site  2-7.  Using  a  boring  density  of  1/1,600  ft  ,  five 
borings  will  be  drilled  to  a  maximum  depth  of  10  feet  during  Phase  I  as 


follows: 

Number  of 

Total  Depth 

Number  of 

Borings 

Cftl 

Samoles 

4 

10 

12 

1 

5 

2 

Totals:  5 

14 

ARMY  OPERATED  SITES 

Site  2-2  Sum  Site 

This  site  is  located  wast  of  0  Street  and  the  South  Tank  Storage  Aren  in 

2 

Section  1 .  Its  approximate  size  is  128,000  ft  .  It  was  used  as  a  firebreak 

in  the  19'^£s  and  aarly  19S0s  and  may  have  been  a  testing  site  for  munitions 

a-nd/or  incendiaries.  Potential  contaminants  are  both  organic  and  inorganic 

compounds.  Ttiere  is  also  a  strong  possibility  that  unexploded  ordnance  are 

present,  end  a  geophysical  survey  will  be  performed  before  drilling  occurs. 

The  water  table  is  anticipated  at  a  depth  of  15  feet.  A  boring  density  of 
2 

1/4,900  ft  will  be  used.  The  boring  locations  are  shown  on  Figure 
3.3-12.  Eight  borings  will  be  drilled  in  P’^tpc  I  as  follows: 
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Number  of 

Total  Depth 

Number  of 

Borinas 

fft3 

Samoles 

2 

13 

• 

2 

10 

6 

4 

5 

8 

Totals: 

8 

22 

Site  2-« 

Salt  Storage  Area 

This  area  Is  located  west  of  Building  2A7,  and  consists  of  approximately 

54,0Cn  ft 

2 

.  The  area  is  known 

to  have  contained  standing 

liquid  and 

material. 

Contaminants  include 

both  organic  and  inorganic 

compounds. 

During  a 

site  reconnaissance  In 

October  1784,  the  area  was  full  of  standing 

liquid. 

Depth  to  ground  water  is  approximately  23  feet.  A  boring  density 

of  1/2,300  ft^  will  be  used.  Figure  3.3-13  shows  the  boring 

locations  for 

Site  2-6. 

Seven  borings  will  be  drilled  in  Phase  I  as-  follows 

• 

• 

Nunber  of 

Total  Depth 

Numoer  of 

Borinas 

Cft) . 

Samples 

1 

25 

6 

1 

20 

5 

1 

15 

4 

1 

10 

3 

3 

5 

6 

Totals: 

7 

24 

UNASSIGNED  SITES 

Sits  1«3  Mounded  Material 

Two  areas  east  (l-3a)  and  northe.^st  (l-3b)  of  Building  3ai,  a  whits 
phosphorus  filling  warehouse,  were  identified  Lt  a  i9A8  aerial  photograph  as 
areas  which  contained  man-made  mu'jnds  of  unknown  origin.  These  mounds  were 


Revision  1  -  8/85 


Missing  on  •  1955  photo.  All  of  the  unassigned  sites  are  considered 

uncontaminated  and  the  boring  spacing  was  determined  using  that  assumption. 

2 

Site  l-3a  consists  of  approximately  25,350  ft  ,  and  a  boring  density  of 
2 

1/1300  ft  was  used.  Estimated  depth  to  water  is  15  feet. 


Site  l-3b 

is  approximately  2,500 

2 

ft  in  araal  extent.  A  boring  density  of 

1/900  ft^ 

was  used.  One 

Ptiase 

I  boring  will  be  drilled. 

Figure  3.3-14 

shows  the 

boring  locations 

for  these  sites.  A  summary  is  as 

follows: 

Nunber  of 

Total  Depth 

Nunber  of 

Borinas 

(ft) 

Samoles 

Site  l-3a 

1 

13 

a 

1 

10 

3 

Site  l-3b 

1 

13 

4 

Totals: 

3 

U 

Slta  1-4 

Borrow  Pit 

A  borrow  pit,  identified  in  a  1960  photograph,  is  located  to  the  southeast 
of  Site  1>5,  the  lime  pits.  The  borrow  pit  was  presumably  used  to  obtain 
mtiterial  for  fill  or  cover,  and  no  documentation  of  spills  or  dumping  has 
been  located.  Ho%»ever,  the  pit  is  a  topographic  depression,  and  may  have 
received  some  surface  water  runoff  from  the  South  Plants. 

One  baring  will  be  drilled  at  the  topographically  low  area  of  the  pit.  It 
is  anticipated  that  this  will  be  drilled  to  a  depth  of  10  feet.  Site  1-4  is 
shown  in  Figure  3.3-13. 

1-11  Sanitary  Landfill 

A  sanitary  landfill,  located  north  of  Building  732,  was  identified  in  a  1980 

2 

photograph.  The  approximate  size  of  the  disturbed  area  is  12,500  ft  . 

The  nature  oC  burled  meterial  is  unknown,  therefore  a  geophysical  recormais- 
senc#  survey  is  recorrmended  prior  to  drilling.  The  c^th  to  water  is  about 
10  feet,  No  samplos  will  be  collected  between  0  and  1  feet.  This  ait#  is 
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2 

considered  uncontaminated,  therefore,  a  baring  density  of  1/600  ft  will 
be  used.  Figure  3.3-16  shows  boring  locations  for  Site  1-11.  Three  borings 
will  be  drilled  during  Phase  I  as  follows: 


Number  of  Total  Depth  Number  of 

Borings  fft)  Samples 


1  10  2 

2  5  2 


Totals:  3 


4 


Site  2-4  Excavation  Pit 

2 

An  excavation  pit  approximately  21,850  ft  in  area,  is  located  due  south  of 

Site  2-3.  The  disposal  history  is  unknown.  Depth  to  water  is  approxLTiately 

15  feet.  This  site  is  considered  wicontaminated,  therefore,  a  borLng  density 
2 

of  1/2025  ft  will  be  used.  One  baring  will  be  drilled  to  15  feet,  one  to 
10  feet,  and  one  to  5  feet.  Boring  locations  are  shown  on  Figure  3.3-17.  The 
three  borings  will  be  drilled  during  Phase  I  as  follows: 


Number  of 

■■Bq.Elnas 


Total  Depth 

_ Lin _ 


Hunber  of 
Samples 


1 

1 

1 


15 

10 

5 


4 

3 

2 


Totals:  3 


9 


Site  2-5  Trench 

2 

A  small  trench,  approximately  7,500  ft  ,  was  located  near  the  northwest 
comer  of  Lower  Derby  Lake  in  a  1973  photograph.  The  disposal  history  of 
this  trench  is  unknown.  No  surface  samples  will  be  taken.  A  geophysical 
reconnaissance  is  recommended.  This  site  is  considered  uncontaminated. 
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therefore,  a  boring  density  of  1/1225  ft^  was  used.  Depth  to  water  in 
this  area  is  approximately  15  feet.  Boring  locations  are  shown  on  Figure 
3.3-18.  Two  borings  will  be  drilled  during  Phase  I  as  follows: 


Nunber  of  Total  Depth  Number  of 

Borings  fft')  Samples 

1  15  3 

1  10  2 

Totals:  2  5 

Site  2-8  Former  Tank  Storage  Area 


2 

A  former  tank  storage  area  of  approximately  3,300  ft  is  located  west  of 
Building  2A3,  in  the  chlorine  manufacturing  area.  A  1982  photograph  shows 
the  foundations  of  ten  to  twelve  tanks. 

This  site  is  considered  uncontaminated,  therefore,  a  boring  density  of  1/900 
2 

ft  results  in  two  Phase  I  borings.  Estimated  depth  to  water  is  25  feet. 
The  b'"~lng  locations  are  shown  on  Figure  3.3-19.  A  summary  of  Phase  I 


boriov^  .s  as  follows: 

Number  of  Total  Depth  Number  of 

Borings  fft)  Samples 

1  25  6 

1  20  5 

Totals:  2  11 

Site  2-9  Open  Storage  Area 


2 

This  site,  comprising  approximately  57,000  ft  is  located  due  east  of  the 
aeration  basin.  A  1982  photograph  shows  storage  of  pallets  or  possibly 
ammunition  boxes.  Historical  usage  is  not  documented.  This  sita  is  not 
considered  contaminated  and  a  boring  density  of  1/5,625  ft^  will  be  used, 
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resulting  in  three  sample  locations  for  Phase  I.  Estimated  depth  to  water 
is  ten  feet.  Figure  3.3«20  shows  the  boring  locations  for  this  site.  A 
summery  of  Phase  I  borings  is  as  follows: 


Number  of 

.Sgilnas 


Total  Depth 

_ cm _ 


Number  of 


1  10  3 

2  5  4 


Totals:  3 


7 


Site  2-12  Former  Tank  Location 


This  area  is  located  due  northwest  of  Site  2-6.  Two  tanks,  whose  contents 

were  unknown,  were  removed  in  the  1970s.  The  areal  extent  of  this  site  is 

2 

approximately  15,000  ft  .  Building  254,  approximatly  350  feet  east  of  the 

area,  was  the  site  of  a  1964  Naled  spill  of  200  gallons.  This  site  is 

2 

considered  uncontaminated,  therefore,  a  boring  density  of  1/603  ft  was 
used  resulting  in  three  Pttase  I  boring  locations.  Estimated  depth  to  water 
is  25  feet.  The  boring  locations  are  shown  on  Figure  3.3-21.  A  summary  of 


Phase  I  burLngs  is  as  follows: 

Number  of  Total  Depth  Number  of 

Borings  ffti  Samples 

1  25  6 

1  20  5 

1  15  4 

Totals:  3  15 

Site  2-13  Open  Storage  Area 


'fhis  area  is  located  north  of  Site  2-2  and  west  of  Sites  i-'9  wid  1-10.  The 
boundaries  and  materials  stored  are  unknown.  This  area  was  used  prior  to 
1970.  A  1982  photograph  shows  that  some  trenching  may  have  occurred  in  this 
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art*.  A  gtophyslcal  raconnaissanca  is  reconnendad  before  drilllnG.  The 

2 

areal  extent  Is  approximately  160,000  ft  ,  and  depth  to  water  is  approxi- 

Mtely  13  feet.  This  site  is  considered  uncontamlnated,  therefore,  a  boring 

2 

density  of  1/14, ft  was  used.  Figure  3.3-22  shows  the  boring 
locations  for  this  site.  Three  borings  will  be  drilled  during  Phase  I  as 
follows: 


Number  of 

Total  Depth 

Nunber  of 

Borinas 

fftl 

Samples 

1 

13 

4 

1 

10 

3 

1 

3 

2 

Totals:  3 

9 

Table  3.3-2  summarizes  the  number  of  borings  and  samples  for  Phase  I. 

3.3.4  Evaluation  of  Phare  I  Soil  Boring  Data 

The  primary  objectives  of  the  Phase  I  Soil  Boring  Program  are  to  determine 
If  soil  contamination  exists  and  the  types  of  contaminants  present.  These 
interpretations  will  be  mede  and  key  data  gaps  will  be  developed.  From 
these  evaluations,  the  locations  of,  depths  of,  and  types  of  chemical 
analyses  that  will  be  carried  out  for  the  Phase  II  Soil  Boring  Program  will 
be  designed. 

After  the  soils  and  geologic  data  ara  collected  and  processed  through  the 
QA/QC  and  data  management  routines  as  described  In  Sections  5.0  and  6.0, 
they  will  be  analyzed.  Haps  and  crc :s-sectlons  of  soils  ard  geologic 
materials  will  be  prepared  illustrating  the  soil  properties  that  have  a 
direct  impact  on  the  retardation  or  mobility  of  the  contaminants.  The 
chemical  data  will  be  Integrated  with  the  soils  and  geologic  data  as  soon  as 
it  becomes  available.  With  these  data,  the  types  ar.d  concentrations  of 
contaminants  present,  estimates  of  the  lateral  and  vertical  extant  of  the 
contaminants  and  definition  of  contaminant  boundaries  will  be  evaluated. 


TASK  2  TECHNICAL  PLAN 
Rtvislon  1  •  8/85 


r-i 


A 

N 

N 

\ 

EXPLANATION 

O  fHASEIiORINC 

1 

NORTH 

1 

/ 

/ 

/ 

/ 

(APPROXIMATE  DEPTH  IN  FEET1 

1 

1 

'a 

A  EXISTINC  MONITORING  WELL 

0 

100  JOO  FEET 

(APPROXIMATE  LOCATION) 

AIPROXIMATE  SCALE 

n«u«  3J-23 
■ORING  LOCATICN  MAR 
CCWTAMLN ant  SOURCE  M3 
(Oym  Slorajr  Am  ~  UnniiiMd  So) 

ROCXY  MOUNTAIN  ARSENAL.  SECTION  i 
Rmwwd  by  R.L  Stoflu  uid  Ajiocita* 


PwparetJ  for; 

U.S.  Army  Tooic  and  Hazardous 
Materials  Agency 

Aberdeen  Proring  Ground,  Maryland 


TASK  2  TECHNICAL  PLAN 
Revision  1  -  8/85 


TABLE  3.3-2 


PHASE  I  SOIL  BORING  AND  SA»4»LING  PROGRAM 


Site 

Site 

Number 

Name 

Borings 

Samples 

SHELL  OPERATED  SITES 


1-8 

Salvage  Yard 

11 

28 

1-10 

South  Tank  Storage 

13 

35 

1-13 

Section  1  Spillsites 

84 

252 

2-14a 

Sanitary  Landfill  North 

10 

22 

2-15t) 

Sanitary  Landfill  South 

8 

14 

2-18 

Section  1  Spillsites 

3 

9 

JOINTLY  OPERATED  SITES 

1-5  Lime  Pits 

8 

14 

2-3 

Lagoon 

8 

14 

2-7 

Aeration  Basin 

5 

14 

ARMY  OPERATED  SITES 

2-1 

Bum  Site 

8 

22 

2-8 

Salt  Storage 

7 

24 

VNASSiy^EP  mil 

l-3a 

Mounded  Area  -  south 

2 

7 

1/36 

Mounded  Area  -  north 

1 

4 

1-4 

Borrow  Pit 

1 

3 

1-11 

Sanitary  Landfill 

3 

4 

2-4 

Borrow  Area 

3 

9 

2-5 

Trench 

2 

5 

2-8 

Pormr  Tank  Storage 

2 

11 

2-f 

Open  Storage 

3 

7 

2-12 

Former  Tank  Location 

3 

15 

2-13 

Open  Storage  Area 

-2 

-.2 

Totals  -  Ptiase  I 

188 

522  Samples 
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Revision  1  -  8/85 


Each  source,  spill,  or  ditch  will  be  analyzed  in  a  sequence  linked  to  the 
field  activities  and  schedule.  For  example,  the  first  site  where  borings 
have  been  completed  will  be  the  first  site  analyzed.  This  Phase  I  data  from 
the  first  site  will  probably  be  analyzed  four  to  six  weeks  after  the 
drilling  is  completed.  Therefore,  the  schedule  of  site  evaluations  can  be 
derived  from  and  linked  to  the  field  schedule. 

As  soon  as  the  drilling  of  Phase  I  borings  is  complete,  the  data  for  the 
first  sites  will  have  been  analyzed.  The  locations  of  Phase  II  borings  will 
have  been  selected,  and  drilling  teams  can  Immediately  mobilize  to  Phase  II 
sites. 

3.3.5  Phase  II  Program 

The  objective  of  the  Phase  II  soil  boring  program  is  to  confirm  the  amount 
of  contamination  present  through  quantitative  chemical  analyses.  In 
addition,  the  vertical  and  lateral  extent  of  the  contaminated  sources  will 
be  astimated.  Approximately  twice  the  number  of  borings  drilled  at 
contaminated  sites  in  Phase  I  will  be  drilled  during  Phase  II.  Tentative 
locations  of  Phase  II  borings  are  shown  on  the  figures  in  Section  3.3.2; 
final  locations  will  be  determined  after  evaluation  of  Phase  I  data.  The 
samples  will  be  quantitatively  analyzed  for  contaminants  found  in  the 
Phase  I  study.  The  total  number  of  soil  samples  for  both  phases  are 
Illustrated  on  Table  3.3-3. 

3.3.6  Locations  and  Number  of  Phase  II  Soil  Borings 

The  remainder  of  the  soil  borings  for  each  source  will  be  completed  during 
the  Phase  II  boring  program.  The  ncnber,  depth  of  each  boring,  and  number  of 
samples  per  baring  are  shown  in  Table  3.3-4.  It  is  astimated  that  a  total 
of  262  borings  will  be  carried  out  during  Phase  II. 
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TABLE  3.3-4 


PHASE  II  SOIL  AND  SAHPLING  PROGRAM 


fP 


Site 

TAjnber 

Site  i 

Name 

Number  of 
Borings 

Total 

Depth  (ft) 

Number  of 
Samples 

SHEU  OPERATED  SITES 

1-8 

Salvage  Yard 

5 

15 

20 

10 

10 

30 

U 

5 

22 

Total/Site 

26 

72 

1-10 

South  Tank  Storage 

6 

15 

24 

12 

10 

36 

12 

5 

2i 

Total/Site 

31 

86 

1-13 

Section  1  Splllsites 

M 

10 

252 

Total/Site 

84 

252 

2-14 

Sanitary  Landfills 

4 

20 

16 

9 

15 

27 

12 

10 

24 

12 

5 

12 

Total/Site 

38 

80 

2-18 

Section  2  Splllsites 

2 

10 

9 

Total/Site 

3 

9 

JOINTLY  OPERATED  SITES 

1-5 

Lime  Pits 

4 

15 

12 

7 

10 

14 

A 

5 

_8 

Total/Site 

19 

34 

2-3 

Lagoon 

3 

15 

9 

7 

10 

14 

_7 

5 

_7 

Total/Site 

17 

30 

2-7 

Aaiw.tlon  Basin 

4 

10 

12 

_7 

5 

11 

Total/Site 

11 

26 

V.'  ^  \ 


i 


,  '  ‘  ’^,,‘  'l. 
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TABLE  3.3-4  (Continued) 

PHASE  II  SOIL  AND  SAMPLING  PROGRAM 


Site 

Number 

Site 

Name 

Number  of 
Borings 

Total 

Depth  (ft) 

Number  of 
Samples 

ARMY  OPERATED  SITES 

2-2 

Burn  Site 

4 

15 

16 

7 

10 

21 

_2 

5 

Total/Site 

18 

51 

2-6 

Salt  Storage 

3 

25 

18 

3 

20 

15 

3 

15 

12 

3 

10 

9 

-2 

5 

_6 

Total/Site 

15 

60 

Totals  -  Phase  II 

262 

TOO 
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3.3.7  Monitoring  Wells 

3. 3. 7.1  Location  of  Observation  Wells 


The  objective  for  constructing  observation  wells  is  to  identify  and  relate 
the  effect  of  confirmed  contaminants  on  the  shallow  aquifer  beneath  the 
contaminated  source.  Wells  h/ive  been  preliminarily  located  within  the 
potentially  contaminated  areas  that  do  not  already  have  monitoring  wells. 
The  exact  locations  and  nurrber  of  new  monitor  wells  will  be  determined  upon 
completion  of  Phase  I.  Preliminary  sites  are  shown  on  the  boring  location 
maps,  Figures  3.3-3  through  3.3-22.  It  is  estimated  that  nine  wells  will  be 
completed  for  Phase  II.  The  source  areas  for  wells  are  listed  in  Table 
3.3-5. 


3. 3. 7. 2  Aquifer  Testing 

Slug  tests  for  deterndning  hydraulic  conductivity  in  a  single  well  will  be 
carried  out.  The  test  usually  involves  Injecting  or  removing  a  slug  of 
water  Instantaneously  from  a  well  and  measuring  the  rate  of  recovery  of 
water  levels  in  the  well. 

Data  are  Interpreted  by  comparison  with  empirical  equations  and  graphs 
previously  developed.  The  hydraulic  conductivities  generated  primarily 
reflect  the  value  within  a  few  feet  of  the  screen  zone  in  a  horizontal 
direction.  Reliable  results  have  been  obtained  in  formations  ranging  in 
hydraulic  conductivity  from  less  than  0.1  gpd/ft  (gallons  per  day  per  foot) 
to  more  than  100  gpd/ft.  The  test  procedures  are  described  in  detail  in 
Section  I  of  the  Task  2  RMA  Procedures  Manual.  ‘ 

3.3. 7.3  Groundwater  Sampling 

One  groundwater  sample  will  be  collected  from  each  new  monitoring  well 
installed.  Sampling  procedures,  including  field  measurement  of  parameters 
which  can  change  during  sample  preservation,  shipment,  and  storage,  are 
described  In  Section  I  of  the  Task  2  RHA  Procedures  Manual.  Formal  QA/QC 
procedures  for  sample  handling  are  described  in  Section  8  of  the  QA/QC  Plan, 
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TABLE  3.3-5 


PHASE  II  MONITOR  HELLS 


Site  Number 

Site  Name 

Nunber  of  Hells 

SHEa  OPERATED  SITES 

1-8 

Salvage  Yard 

0 

1-10 

South  Tank  Storage 

2 

1-13 

Section  1  Spiilsites 

0 

2-14 

Sanitary  Landfill 

2 

2-18 

Section  2  Spiilsites 

0 

XINTLY  OPERATED  SITES 

1-5 

Lime  Pits 

1 

2-3 

Lagoon 

1 

2-7 

Aeration  Basin 

1 

ARMY  OPERATEp  SIT^S 

2-2 

Bum  Site 

1 

2-6 

Sait  Storage 

1 

yrwSSIGNED  SITES 

1-3 

Mounded  Area 

0 

1-4 

Borrow  Pit 

0 

1-11 

Sanitary  Landfill 

0 

2-4 

Borrow 

0 

2-5 

Trench 

0 

2-8 

Former  Tank  Storage 

0 

2-9 

Open  Storage  Area 

0 

2-12 

Former  Tank  Location 

0 

2-13 

Open  Storage  Aioa 

J2 

Total 

9 

.J-'V.  v  -.v^  .......i  ..V.  ...vr-.'.-  V  .....  ..  ^  ....  ' 
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Section  III  of  the  Task  2  RMA  Procedures  Manual.  Chanical  analysis  of 
groundviater  satnples  is  discussed  in  Section  a.O. 

3.4  Building  and  Disposal  System  Sampling 

The  objective  of  the  building  and  the  disposal  system  sampling  program  is  to 
determine  if  there  are  materials  in  the  buildings  or  disposal  systems  which 
may  be  contributing  to  soil  and  ground-water  contamination.  The  building 
sampling  program  in  the  South  Plants  is  designed  to  provide  information 
about  the  building  structures,  possible  contamination  in  the  buildings,  and 
disposal  systems  throughout  the  area.  The  disposal  systems  include:  (1) 
drains  and  sumps  in  and  around  buildings;  (2)  the  sanitary  sewer  system 
throughout  South  Plants;  (3)  the  storm  drainage  system  throughout  the  area; 

(4)  the  original  contaminated  waste  system  constructed  by  the  Army;  and  (5) 
the  contaminated  waste  system  constructed  by  Shell.  These  disposal  systems 
will  be  sampled  directly  at  drains,  manholes  and  sumps.  Soil  borings  will 
be  sited  to  facilitate  identification  of  contianination  in  soils  surrounding 
disposal  facilities. 

The  proposed  program  is  presented  schematically  in  Figure  3.4-1.  The  overall 
sampling.  Phase  I,  will  be  performed  in  two  subphases.  The  purpose  of  Phase 
lA  is  for  a  determination  of  persoiial  protection  need  cf  the  sampling  teams 
and  for  a  reconnaissance  of  the  buildings.  Phase  IB  will  carry  out  the 
sampling  program  to  meet  the  task's  objectives. 

3.4.1  Sampling  Plan  Summary 

During  Phase  lA,  the  air,  composite  dust  samples  and  visual  observations 
will  provide  the  data  required  to  identify  gross  contamination  of  the 
structures.  Health  and  safety  data  will  be  used  to  determine  level  of 
protection  for  building  entry  during  Phase  IB.  inhere  gross  contamination  is 
not  detected,  the  sampling  conducted  during  Phase  lA  will  not  facilitate 
conclusive  characterization  of  the  buildings  as  uncontaminated. 

Storage  tanks,  vats,  disposal  drains,  and  sumps  will  be  located  and  visually 
examined  during  the  Phasa  lA  survey.  In  this  manner,  available  building 
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information  will  be  updated  and  the  sampling  locations  for  Phase  IB  sampling 
and  the  Soil  Sampling  Program  (Phase  I)  will  be  verified.  Any  relevant 
liquid  samples  will  be  sampled,  at  the  discretion  of  the  field  sampling  team 
during  Phase  IB  assuming  the  laboratories  are  already  certified  for  analysis 
of  liquids. 

The  data  obtained  during  Phase  IB  will  be  used  to  further  assess 
contamination  of  buildings:  (1)  relate  soil  contamination  to  potential 
sources;  (2)  Identify  additional  locations  where  soil  contamination  is 
possible;  and  (3)  obtain  data  required  to  plan  remedial  activities  related 
to  buildings  and  process  equipment. 

All  buildings  and  associated  structures/soil  in  the  South  Plants  area  will 
be  sampled  in  a  similar  manner;  however  buildings  which  were  occupied  by 
Shell  or  jointly  by  both  Shell  and  the  U.S.  Army  will  be  sampled  first  (see 
Figure  3.4-2).  The  sampling  of  Army  occupied  buildings  (see  Figure  3.4-3) 
is  planned  to  coincide  with  the  Phase  II  geotechnical  program. 

3.4.2  Program  Design 

The  sampling  design  for  the  buildings  and  disposal  systems  in  the  South 
Plants  area  was  based  on  the  following  factors: 


0  Historical  use  and  content  of  each  building  and  adjacent  areas 
0  Size  and  number  of  stories  in  each  building 
0  Type  and  degree  of  expected  chemical  contamination 
0  Extent  and  location  of  disposal  facilities 

Each  of  these  factors  is  addressed  in  the  paragraphs  that  follow. 

A  total  of  185  buildings,  foundations,  and  tanks  for  which  both  use  and 
location  ara  known  have  been  identified  in  Sections  1  and  2  of  the  Arsenal. 
The  locations  of  these  structures  are  identified  in  Figures  3.4-2  and  3.4-3. 
For  each  building  a  historical  use  profile  was  generated.  The  profile 
included  the  following  information:  the  building  identification  number; 
descriptive  information  on  type  of  construction,  utilities,  facilities  and 
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building  contents;  building  condition;  current  and  historical  use;  and  the 
type(s)  of  contamination  expected.  The  building  profiles  are  presented  In 
Appendix  B.  This  Information  was  used  to  design  the  Phase  lA  and  IB  Surveys 
as  described  In  Sections  3. A. 3  and  3.4.4. 

The  information  available  to  date  was  obtained  from  the  building  plan  index 
obtained  from  the  Facility  Engineering  Section  of  RMA,  historical  records 
search  documentation  (USATHAMA,  1977),  property  inventory  docjments  (Harland 
Bartholomew  &  Associates,  Inc.,  1982),  the  Shell  lease  supplements,  building 
specific  pollution  source  identification  surveys  and  hazard  assessments 
(Kuznear  and  Trautmann,  1960),  the  Damage  Assessment  Report  performed  by 
Geraghty  and  Miller,  Inc.  (1984)*  and  RMA  Master  Plan  Basic  Information  Maps 
prepared  by  the  U.S.  Army  Corps  of  Engineers.  The  information  compiled  was 
used  to  generate  the  building  summary  list  presented  in  Table  3.4-1.  Each 
building  is  described  according  to  its  identification  number,  associated 
contamination,  floor  area,  occupancy  (Army,  Shell,  combined),  availability 
of  specifications,  use,  area  code  designation  (as  reported  by  Geraghty  and 
Miller,  1984)*  and  known  chemical  spill  occurrences.  Available  building  and 
chemical  process  plans  have  been  requested  and  will  be  reviewed  and  used  to 
update  the  building  profiles.  The  selected  building  plans  which  have  been 
requested  are  also  presented  in  Appendix  B.  Additional  information 
pertaining  to  building  use,  location  and  condition  will  be  obtained  during 
the  Phase  lA  reconnaissance  survey.  All  new  information  obtained  will  be 
incorporated  in  the  building  profiles.  The  selected  building  plans  which 
have  been  requested  are  also  presented  in  Appendix  B. 

For  planning  the  Phase  lA  Survey,  all  buildings  have  been  segregated  into 
three  risk  categories:  high,  medium  and  low.  This  designation  was  used  to 
estinrate  the  magnitude  and  significance  of  contamination  expected,  and  help 
anticipate  the  complexity  of  sampling  to  be  conducted  in  the  buildings. 
Building  risk  designations  were  derived  as  follows: 


*Privileged  information  prepared  in  support  of  litigation. 
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0  High  Rated  Buildings  include:  all  buildings  in  i^ich  surety  agents 
have  been  produced,  stored  or  are  suspected;  ell  buildings  In  which 
pesticides  have  been  produced;  all  buildings  expected  to  contain 
connplex  process  equipment. 

0  Medium  Rated  Buildings  include:  buildings  in  which  severe  contamina- 
tion  is  not  expected,  but  is  possible  due  to  the  area  in  which  the 
building  is  located.  For  example,  an  empty  warehouse  in  an  area  in 
which  mustard  was  produced  is  a  medium  risk  building. 

0  Low  Rated  Buildings  include:  founriatlons,  gate  houses,  power  plants, 
pump  houses,  chants  houses,  electric  substations,  loading  docks, 
maintenance  shops,  small  storage  structures,  currently  occupied 
buildings,  warehouses,  and  miscellaneous  tanks  and  structures  which 
arc  not  expected  to  exhibit  significant  contamination  or  present  any 
special  difficulties  during  sampling. 

These  initial  designations  will  be  revised,  as  required,  based  upon  the 
information  obtained  during  Phase  lA  and  as  other  sources  of  information  are 
made  available. 

An  additional  145  buildings  and/or  structures  have  been  identified  for  which 
use  and/or  location  information  is  incomplete.  For  these  buildings  it  was 
not  possible  to  cssign  a  relative  ranking  or  tu  compute  the  required  number 
n*  samoles.  Tli^j  buildings  for  which  sampling  requirements  were  not  estimated 
are  detailed  in  Tables  B-1  and  B-2  in  Appendix  B.  It  is  likely  that  many  of 
these  structures  have  been  dismantled  or  are  not  located  in  the  study  area. 
This  will  be  confirmed  during  the  reconnaissance  survey. 

3.4.3  Phase  lA  Building  Sampling  Program  (Reconnaissance  and  Health  Safety 
Program) 

The  Phase  lA — Building  Reconnaissance  Survey  Team  will  consist  of  the  Health 
and  Safety  Officer,  the  samoling  team  supervisor,  and  an  air  sampling 
technician.  A  structural  engineer  will  join  this  survey  team  whan  buildings 
of  questionable  structural  integrity  are  inspected.  In  all  instances,  the 
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HMlth  and  Safaty  Officar  and  tha  air  sampling  technician  Mill  be  the  first 
team  aambars  to  antar  a  structure. 

They  Must  insure  that  tha  building's  atmosphere  is  acceptable  to  proceed 
with  other  sampling  requirements.  The  Health  and  Safety  Officer  end  air 
sampling  technician  Mill  be  present  throughout  this  phase;  other  team 
■embers  Mill  enter  the  building  only  as  required  to  complete  their 
designated  tasks.  At  any  one  time,  a  maximum  of  three  team  members  Mill  be 
inside  a  building.  All  building  reconnaissance  survey  Mork  Mill  be 
conducted  using  Level  C  protection.  Back-up  personnel  (those  Mho  remain 
outside  of  buildings  prepared  to  offer  emergency  assistance)  Mill  be 
prepared  to  enter  buildings  in  Level  B  protection,  if  required. 

Level  A  and  Level  B  sampling  equipment  Mill  be  available  at  the  site.  If  it 
is  determined  that  to  sample  a  building  Mill  require  an  upgrade  of 
protective  equipment  to  Level  B  or  Level  A,  and  that  tha  sampling  of  this 
building  is  necessary  to  carry  out  the  objective  of  tha  building  sampling 
program,  the  Health  and  Safety  Officer  Mill  make  the  necessary  adjustments 
so  that  this  building  can  be  safely  sampled. 

The  field  sampling  supervisor  and  the  Health  and  Safety  officer  Mill  be 
responsible  for  proper  sample  collection,  sample  labeling,  chain  of  custody 
records  and  field  analysis.  TTie  air  sampling  technician  Mill  assist  during 
the  sampling  effort.  The  field  sampling  supervisor  Mill  also  assure  that 
the  building  data  log  for  each  structure  examined  and  record  the  details  of 
plumbing,  tanks,  tank  contents,  vats,  vat  contents,  etc.,  are  properly 
maintained. 

Phase  lA— Sampling 

Non-lnvasive  sampling  will  be  conducted  during  the  reconnaissance  survey  for 
volatile  organics  in  air,  organic  residues  in  dusts,  toxic  metals  in  dust, 
asbestos  In  dust  and  Army  surety  agent  in  dusts.  At  least  one  composite 
(Aist  sanpla  will  be  collected  from  each  building  using  a  portable,  high-flow 
sampling  pump  and  preloaded  filter  cassettes. 


3-50 


TASK  2  TECHNICAL  PLAN 
Rtvislon  1  •  8/85 


Th«  fltld  swipling  supervisor  and  air  sampling  technician  will  utilize  real 
time  monitors  during  the  building  inspection  to  ascertain  the  presence  of 
airborne  toxic  contaminant  levels.  These  monitors  may  include: 

a.  Photoionization  detector  (PIO)  calibrated  in  the  office  to  a  benzene 
standard  and  in  the  field  to  an  isobutylene  standard.  The  PIO  will 
bo  used  in  the  survey  mode  in  conjunction  with  the  OVA  for  the 
reconnaissance  survey. 

b.  Flame  ionization  detector  (FIO)  or  organic  vapor  analyzer  (OVA) 
calibrated  to  methane.  The  FIO  or  OVA  will  be  used  in  the  survey 
mode  in  conjunction  with  the  PIO  for  the  reconnaissance  survey. 

c.  H-260  meter  calibrated  to  propane  or  other  suitable  gas  functions  as 
a  combustible  gas  indicator  and  oxygen  alarm. 

d.  H-8  meter,  no  calibration  required.  The  H-8  detects  the  presence  of 
Nerve  Agent  (GS).  The  detection  of  G8  will  initiate  immediate 
evacuation  of  the  building  by  the  reconnaissance  team  and  immediate 
notification  of  the  Army  Technical  Escort  Team. 

e.  H-18A2  field  kit  required  for  the  detection  of  Army  surety  agent. 

f.  Inorganic  gases  meter.  Monitors  the  level  of  Inorganic  gases  or 
vapors,  for  instance  chlorine  gas  or  mercury  vapor. 

One  of  the  composite  dust  filter  cassettes  will  be  used  to  field  test  for 
Army  surety  agents.  Detection  of  Army  agents  will  require  that  the  Army 
Technical  Escort  be  notified  and  cause  the  Health  and  Safety  officer  to 
close  the  building  to  further  sampling  until  the  Army  can  clear  the  building 
of  detectable  agents. 

Section  A.O  contains  a  discussion  of  the  analytical  protocol  for  Phase  lA 
samples.  All  samples  will  be  placed  in  a  temperature  controlled  (4"C)  ice 
chest  immediately  after  collection,  labeled  for  shipment,  and  shipped  to 
Ebasco's  Project  Team  laboratories  by  an  overnight  express  service  (e.g.. 
Federal  Express)  for  analyos. 
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Building  samples,  locations  and  field  analytical  results  for  eech  structure 
will  be  recorded  in  the  building  data  log  book.  Entries  to  each  log  will 
be  in  waterproof  ink.  Preliminary  reconnaissance  samples  will  be  processed 
as  soil  samples.  Analytical  procedures  will  not  be  USATHAMA  Certified  for 
samples  obtained  for  health  and  safety  evaluations;  however,  they  will  be 
EPA  or  NIOSH  certified  methods.  These  methods  will  be  used  for  the  air 
organic  screen  and  asbestos.  These  deta  will  not  be  used  for  contamination 
assessment  or  technical  matters  in  litigation.  Army  certified  analyses  will 
be  performed  for  ICP  screen  of  composite  dust  samples  and  semi-volatile 
organics  in  composite  dust  samples. 

Structural  Enolneering  Evaluations 

The  structural  engineer  will  perform  a  nondestructive  investigation  of  each 
high  and  medium  risk  building  in  the  presence  of  the  site  Health  and  Safety 
officer.  Building  main  support  structures  will  be  identified.  Stairways, 
scaffolding  and  flooring  will  be  examined  for  structural  integrity  and 
personnel  maneuverability.  The  location  of  all  tanks,  vats,  attendant 
plunbing,  connecting  floor  drains  and  sinks  to  vats,  tanks  or  sewer  lines, 
waste  storage  areas  and  known  spill  areas  will  be  identified  by  building  and 
sample  nunber,  and  will  be  photographed  and  recorded  in  the  building  data 
log  as  potential  sample  points.  Potential  access  routes  to  identified 
sampling  points  will  be  marked.  Any  building  areas  or  construction  within 
buildings  (e.g.,  scaffolding,  stairs,  etc.)  found  to  be  unsafe  will  be 
marked  on  the  building  floor  plan  and  roped  off.  If  the  structural  engineer 
determines  that  a  building  is  unsafe  to  enter,  he  will  order  the  building 
cleared  of  all  reconnaissance  personnel.  The  structural  engineer  will 
prepare  a  report  to  the  Health  and  Safety  Officer  identifying  the  reasons 
for  declaring  an  area  or  building  unsafe. 

No  Ebasco  employee  or  Ebasco  subcontractor  may  enter  a  structure  or  portion 
of  structure  that  has  been  declared  unsafe  by  the  structural  engineer. 
Neither  may  an  Ebasco  employee  or  Ebasco  subcontractor  sample  a  building 
area  or  structure  declared  unsafe  by  the  structural  engineer. 
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Httlth  ind  SifitY  Evtluatlons 

The  Health  and  Safety  Office;  will  identify  to  the  Army  within  48  hours  of 
receiving  the  strtxtural  engineer's  report  which  building,  structure  or 
building  areas  were  found  unsafe  to  sample.  This  report  will  include  in  its 
write-up,  and  by  appendix,  the  structural  engineer's  report  on  building 
integrity.  The  health  end  safety  officer  will  identify  in  the  building  data 
log  for  each  structure  those  areas  excluded  frem  sampling.  In  addition,  if 
an  entire  building  or  structure  is  found  unsafe,  the  health  and  safety 
officer  will  nark  that  specific  building  log  with  a  strip  of  transparent  red 
tape.  Sampling  teams  may  not  enter  buildings  so  marked  by  the  Health  and 
Safety  Officer  without  his  written  approval.  The  Army,  at  its  discretion, 
■ay  chose  to  sample  any  structure  designated  as  unsafe  themselves  or  take  no 
action  at  all.  Refer  to  Section  IV  of  the  Task  2  RMA  Procedures  Manual  for 
the  details  of  the  Ebasco  Health  and  Safety  Plan. 

3.4.4  Phase  IB  Sampling 

The  purpose  of  Phase  IB  is  to  determine  if  any  of  the  buildings  being 
sana)led  are  contributing  to  soil  and  ground  water  contamination.  During  the 
Phase  IB  Survey,  several  types  of  sanples  will  bo  ccllected.  These  include 
samples  from: 

0  Building  drains,  foundations  and  sunps. 

0  The  sanitary  sewer  system  throughout  the  South  Plants. 

0  The  original  contaminated  »aste  system  constructed  by  the  U.S.  Army. 

0  The  contaminated  waste  system  constructed  by  Shell. 

0  The  storm  drainage  system  in  the  South  Plants. 

0  Soils  surrounding  the  sanitary  and  contaminated  waste  lines. 

The  samples  to  be  obtained  from  buildings  and  disposal  facilities  are 
described  in  Section  3. 4. 4.1  below.  Soil  borings  to  be  drilled  in  the 
vicinity  of  these  disposal  facilities  are  discussed  in  Section  3. 4. 4. 2.  All 
samples  collected  during  the  Phase  I  Screening  Survey  will  be  analyzed  as 
identified  in  Table  4-2.  Procedures  for  use  of  sampling  equipment  are 
presented  in  Section  II  of  the  Task  2  RMA  Procedures  Manual. 
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3. A. 4.x  Proctss/OltpoMl  Facility  Sampling  Locations 
Building  Fotjn<3atlons  and  Process  Equipment 

Avallabla  Information  and  maps  hava  bean  used  to  Identify  buildings  which 
•ra,  or  may  be,  connected  to  sanitary  sewer  lines  and  the  original  buried 
contaminated  waste  system.  This  information  is  reported  on  the  building 
profiles  presented  In  Appendix  B. 

Disposal  drains,  sewer  connections  and  process  equipment  will  be  located  and 
reviewed  during  the  Phase  lA  Survey.  Additionally,  process  equipment  will 
be  subject  to  visual  Inspection  during  the  Phase  IB  program  to  Identify 
equipment  condition  and  likely  contrlbutiwis  to  soil  contamination  by  a 
chetr*'il  engineer. 

Currant  Phase  IB  sample  estimates  ara  based  on  the  following  assumptions: 

0  No  screening  samples  will  be  required  from  stnictures  which  have  been 
designated  as  low  rlsk/dlfficulty. 

o  A  maximum  of  3  foundation  samples  will  be  collected  In  each  building 
to  determine  If  the  building  Is  grossly  contaminated. 

In  addition  to  samples  obtained  from  building  foundations,  36  Shell  and 
Jointly  utilized  tanks,  pumps  and  valve  pits  and  33  contaminated  waste  surras 
have  been  Identified.  A  single  sample  will  be  collected  from  each  of  the 
facilities  Identified  in  Appendix  C,  Table  C-3. 

Sanitary  Sewer  System 

The  sanitary  system  lines,  manholes,  lift  stations  and  septic  tanks  located 
Lt  the  South  Plants  area  are  shown  in  Figure  3.4-4.  Samples  will  be 
collected  from  the  lift  stations  (3  samples)  and  from  10  manholes.  The 
manholes  to  be  sampled  have  been  selected  by  reviewing  the  system  configura¬ 
tion  and  direction  of  flow.  Manholes  at,  or  Just  below,  Junctions  and  st 
least  one  manhole  on  lengths  of  sewer  line  greater  than  1/3  mile  long  have 
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boon  toloctod.  Tho  locations  of  manholos  to  bo  samplod  are  Idontlflod  on 
Flguro  3.4>4.  Tho  Idontlfication  numbtrs  of  these  10  manholos  aro  100,  102, 
104,  106,  108,  113,  116,  119A,  123  and  an  un-numbored  manholo  2  blocks  west 
of  fSA3.  Individual  manholo  numbers  are  not  presented  on  Figure  3.4-4,  but 
■TO  ovallable  on  the  RHA  basic  Information  maps. 

It  Is  possible  that  some  of  the  Identified  manholes  may  be  rusted  shut  or 
that  0  manhole  cannot  bo  located.  In  this  Instance,  the  sampling  team 
coordinator  will  salect  an  alternate  sampling  point. 

Contaminated  waste  System 

Two  contaminated  waste  systems  are  located  In  the  South  Plants  area.  The 
original  system  was  constructed  by  the  Army  and  consists  of  burled  lines  and 
associated  sumps.  The  locations  of  the  original  lines  are  shown  In 
Flguro  3.4-5. 

Tho  socond  system  was  constructed  by  Shell.  The  Shell  system  consists  of  14 
bolow-grada  collection  tanks  In  concrete  sumps.  These  14  sumps  collected 
aqueous  effluent  from  20  process  buildings  and  laboratories  via  underground 
hard  piping.  An  overhead  pressure  header  from  the  sumps  to  the  effluent 
traatment  facility  Is  still  In  place.  Another  34  Shell  built  sumps  which 
wore  designed  to  collect  washdowns,  spills  and  rainwater  from  tanks  farms, 
truck  loading/unloading  areas,  and  nonprocess  buildings.  Effluent  from 
these  sumps  was  removed  with  vacuum  trucks. 

Samples  from  the  original  contaminated  waste  system  will  be  obtained  from 
twelve  manholes  and  seven  sumps.  The  selected  manhole  sampling  locations 
are  shown  nn  Figure  3.4-5.  Additional  samples  will  be  collected  at  manholes 
to  facilitate  characterization  of  chemical  constituents  present  in  these 
lines.  Sampling  locations  have  been  selected  based  on  system  configuration 
and  direction  of  flow  to  allow  characterization  of  the  system  with  a  limited 
number  of  samples. 

The  Shell  contaminated  waste  system  will  be  characterized  by  sampling  the  48 
SUT^S  described  above.  It  is  assumed  that  all  contaminants  identified  in 
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these  sumps  will  tM  present  in  the  header  lines.  Therefore,  it  will  not  be 
necessary  to  sample  these  header  lines.  The  locations  of  all  55 
contaminated  waste  system  sumps  located  in  the  South  Plants  area  are 
presented  in  Appendix  C,  Table  C>2.  Sumps  are  differentiated  as  original 
and  Shell>built. 

Storm  Dralnaoe  System 

In  Section  1  of  the  South  Plants  area,  most  storm  runoff  is  to  a  drainage 
collection  system  which  discharges  to  the  Derby  Lakes.  In  the  northwest 
area  of  Section  1,  overland  drainage  is  towards  Sections  36  and  6.  The 
collection  system  in  the  northwest  area  is  minimal  (collection  lines  in  the 
vicinity  of  buildings  741  and  742  only);  overland  flow  is  channeled  under 
roads  via  culverts. 

In  Section  2,  storm  drainage  collection  pipes  and  culverts  are  located  under 
the  railroad  tracks  in  the  vicinity  of  the  341-346  warehouses.  Drainage 
throughout  the  remainder  of  Section  2  is  via  overland  flow  channeled  under 
roads  with  culverts.  Drainage  from  Section  2  is  primarily  to  the  San  Creek 
lateral.  The  storm  drainage  collection  system  located  in  the  South  Plants 
area  is  illustrated  in  Figure  3.4-6.  Individual  road  culverts  are  not 
detailed  on  Figure  3.4-6  unless  a  sample  will  be  collected  from  the  culvert. 

Ten  samples  will  be  collected  from  the  storm  drainage  system.  This  data 
will  be  used  to  characterize  contaminants  in  the  collection  pipes  and 
culverts.  Additionally,  contaminants  potentially  transported  out  of  the 
South  Plants  area  via  runoff  will  be  identified. 

The  approxirate  locations  of  samples  to  be  obtained  from  the  storm  drainage 
system  are  shown  on  Figure  3.4-6.  These  sampling  locations  have  been 
selected  to  characterize  the  najor  collection  pipes  and  culverts.  The 
primary  consideration  for  storm  drainage  sample  site  selection  was  the 
direction  of  flow.  Downstream  samples  were  selected  in  order  tn  permit 
identification  of  contamination  originating  within  the  system  with  a  minimal 
number  of  samples. 
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3. 4. 4. 2  Soil  Borings  in  Vicinity  of  Disposal  Facilities 

A  number  of  soil  borings  will  be  drilled  in  the  vicinities  of  the  chemical 
sewers,  sanitary  sewers,  storm  drains,  tanks,  pits,  and  vats  to  determine  if 
these  facilities  have  leaked  and  if  contaminants  are  present  in  the  soil. 
The  number  of  borings  has  been  estimated  to  be  one-third  the  total  number  of 
samples  obtained  from  the  disposal  systems.  As  it  has  been  planned  to 
obtain  137  samples  from  disposal  facilities,  the  total  number  of  boreholes 
associated  with  sewers  will  be  46.  Thirty  percent  or  16  borings  will  be 
drilled  during  Phase  I.  Borings  will  be  drilled  and  samples  will  be 
collected  using  the  techniques  outlined  in  Section  3.3.  Soil  samples  will 
be  taken  at  both  the  water  table  at  a  depth  Just  below  the  sewer,  resulting 
in  2  samples  per  borehole. 

A  summary  of  the  boring  program  is  as  follows: 


Phase  I 

Phase  II 

Total 

Number  of 
Borings 

Number  of 
Samoles 

Number  of 
Borinas 

Number  of 
Samples 

Borings 

Samples 

16 

32 

30 

60 

46 

92 

3. 4. 4. 3  Data  Analysis  for  Phase  lA  and  Phase  IB 

Data  obtained  from  Phase  lA  will  be  used  to  plan  for  Phase  IB  sampling.  The 
health  and  safety  data  obtained  from  real  time  instrumentation  and  the 
organics  in  air  samples  will  be  used  to  determine  the  level  of  protection 
needed  to  enter  buildings  during  Phase  IB.  The  information  will  help  define 
special  sampling  considerations  to  obtain  Phase  IB  samples. 

In  addition,  data  from  visual  observations  and  from  the  composite  dust 
sanples  will  help  characterize  the  contamination  inside  the  buildings. 
Observations  by  the  sampling  team  will  further  clarify  the  existing 
conditions  of  the  buildings  in  the  South  Plants  area. 


3-57 


TASK  2  TECHNICAL  PLAN 
Revision  1  -  8/85 

Phase  IB  sampling  is  to  determine  if  contamination  exists  in  buildings  that 
can  contribute  to  soil  and  ground  water  contamination  at  RMA.  These  samples 
are  to  be  sludge  and  soil  samples.  Any  liquid  samples  identified  and 
thouf^t  to  be  important  will  be  sampled.  The  present  schedule  indicates 
that  the  laboratories  will  be  certified  for  liquid  analyses  by  the 
Initiation  of  Phase  IB. 

The  data  obtained  from  Phase  IB  samples  will  be  correlated  with  soil  sample 
data  outside  the  buildings.  Any  relationship  relating  the  two  will  be 
determined  and  presented  as  part  of  the  findings  of  the  Phase  I  program  at 
RHA.  Specifics  of  this  contamination  assessment  are  discussed  in  Section  8. 
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4.1  Introduction 


The  chemical  analysis  program  is  designed  to  be  consistent  with  the  sampling 
program  and  is  similarly  divided  into  two  phases.  The  first  is  a  screening 
phase  analysis  and  the  second  is  a  quantitative  phase  analysis.  Each  of 
these  phases  is  described  in  more  detail  below.  Published  U.S.  EPA  and 
USATHAMA  analytical  methods  are  identified  as  method  of  choice  when 
available.  Where  a  reference  method  is  not  available,  contractor  methods 
are  proposed  that  will  be  developed  to  conform  with  Sample  and  Chemical 
Analyses  Quality  Assurance  Program  for  U.S.  Army,  section  C,  Development  of 
Analytical  Methods  (USATHAMA,  1982).  The  referenced  analytical  methods  in 
this  Technical  Plan  were  those  specified  during  the  meeting  of  the 
Analytical  Services  Teams  for  this  Rocky  Mountain  Arsenal  Project. 

Phase  I  will  screen  samples  collected  at  known  or  suspected  contaminant 
sources  for  target  analytes  and  urrf<nown  contaminants.  Phase  I  analytical 
methods,  including  desired  analyte  concentration,  high  range  concentration, 
sample  holding  times,  reference  method  and  principle  of  method,  are 
identified  in  Table  4-1  and  Table  4-2. 

Table  4-1  identifies  all  Phase  lA  analytical  methods.  Buildings  will  be 
sampled  for  volatile  organics  in  air;  and  semi volatiles ,  toxic  metals  and 
asbestos  in  dust.  Data  from  these  samples  will  be  used  as  an  initial 
building  contamination  assessment  and  to  identify  the  potential  for  worker 
exposure  to  organic  vapors,  toxic  metals  and  asbestos. 

Phase  lA  methods  for  worker  exposure  (e.g.,  volatile  organics  in  air  and 
asbestos)  will  not  be  USATHAMA  Certified.  Other  Phase  lA  analytical  methods 
for  initial  building  contamination  assessment  will  be  USATHAMA  Certified  as 
indicated  in  Table  4-1.  Building  contamination  assessment  samples  will  be 
assayed  by  the  semiquantitative  gas  chromatography /mass  spectroscopy  (GC/MS) 
technique  for  semi volatile  organic  target  compounds.  An  attempt  will  be 
made  to  identify  the  largest  of  major  unknown  peaks  present  in  the  GC/MS 
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total  ion  current  profile.  In  addition  to  a  GC/MS  screen,  samples  will  also 
be  assayed  quantitatively  for  target  metals,  as  identified  in  Table  4-1, 
using  inductively  coupled  argon  plasma  (ICP)  emission  spectroscopy  and 
atomic  absorption  (AA)  spectrometry. 

Phase  IB  will  be  a  survey  of  known  or  suspected  contamination  sources. 
Mainly  soil  and  solid  matrices  (e.g.,  soil  borings,  sediments,  dusts  and 
building  materials)  will  be  sampled  during  Phase  IB.  Liquids  found  in 
tanks,  vats,  sewers,  sumps,  basements  or  other  sources  will  be  noted  for 
possible  sampling  in  Phase  II  or,  if  thought  to  be  critical,  will  be  sampled 
in  Phase  IB.  The  present  schedule  indicates  that  the  laboratories  will  be 
certified  for  liquids  by  the  initiation  of  Phase  IB.  Soil  and  solid  matrix 
samples  will  be  assayed  semiquantitatively  by  GC/MS  for  volatile  and  semi¬ 
volatile  organic  target  analytes.  An  attempt  will  be  made  to  identify  other 
major  unknown  peaks  present  in  the  GC/HS  total  ion  current  profile.  These 
samples  will  also  be  assayed  quantitatively  by  gas  chromatography  (GC)  for 
l,2-dlbromo-3-chloropropane  (DBCP);  by  graphite  furnace  atomic  absorptive 
spectroscopy  for  arsenic;  by  cold  vapor  atomic  absorption  spectroscopy  for 
mercury;  and  other  target  metals  by  ICP.  Additionally,  selected  RMA  soils 
will  also  be  assayed  for  organic  materials  in  soils.  Table  4-2  identifies 
the  analytical  method,  desired  analyte  concentration,  high  range  concentra¬ 
tion,  sample  holding  time,  required  level  of  certification,  reference  method 
and  principle  of  method  for  the  Phase  IB  survey. 

The  Phase  II  Program  involves  analyzing  soil,  solid  and  liquid  matrices  by 
specific  quantitative  methods  to  provide  data  on  areal  and  vertical  exent  of 
contamination  at  each  specific  source  of  interest  Identified  during  the 
Phase  I  Program.  Table  4-3  identifies  the  analytical  method,  desired 
analyte  concentration,  high  range  concentration,  sample  holding  time, 
required  level  of  certification,  reference  method  and  principle  of  method 
for  Phase  II.  A  summary  of  Phase  I  and  II  laboratory  analyses  indicating 
preser/ation  guidelines,  analytical  methods  required,  level  of  certifica¬ 
tions,  total  analytical  requirements,  and  weekly  laboratory  rates  of 
analysis  is  given  in  the  QA/^  Plan,  Section  III  of  the  Task  2  RMA 
Procedures  Manual. 
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Hlrra*e  and  phosphate  ions  are  detenained 
colonaetrlcally.  Alternative  analytical 
■ethods  Bay  be  proposed  based  on  Phase  1 
avperlence. 
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4.2  Sample  Matrices  and  Summary  of  Analytical  Methods 

4.2.1  Sample  Matrices 

All  soil  sludge,  sediment  (e.g.,  buildings  and  soils)  and  solid  matrices 
will  be  considered  as  soils  for  analytical  purposes.  Prior  to  sample 
collection,  all  soil  and  solid  analytical  methods  (e.g..  Phases  I  and  II) 
will  be  USATHAMA  Certified  for  a  standard  soil.  This  standard  soil  will  be 
a  background  soil  collected  from  the  RMA  area.  Data  for  soil  and  solid 
matrices  will  initially  be  reported  on  a  dry  weight  basis  and  may  be 
converted  to  a  wet  weight  basis  as  required  by  the  Army  COR. 

Similarly,  aqueous  analytical  methods  will  be  USATHAMA  Certified  for  all 
Phase  II  analyses  for  a  standard  water  matrix  prior  to  sampling.  A  standard 
water  will  be  prepared  as  described  in:  Sampling  and  Chemical  Analysis 
Quality  Assurance  Program  for  U.S.  Army  Toxic  and  Hazardous  Materials  Agency 
(Pages  63-6^'). 

4.2.2  Summary  of  Phase  I  Analytical  Methods 

This  section  briefly  describes  the  analytical  methods  for  target  analytes 
and  their  desired  detection  limits  in  the  Phase  I  survey.  Tables  4-1  and 
4-2  summarize  each  Phase  I  analytical  method.  The  non-Certified  Phase  lA 
methods  for  volatile  organics  in  air  and  asbestos  are  described  in  order,  as 
shown  in  Table  4-1.  USATHAMA  Certified  analytical  methods  for  Phase  lA  and 
IB  are  described  in  the  order  of  occurrence  shown  in  Table  4-2.  Lastly,  a 
noncertified  method  for  organic  materials  in  soil  is  described.  The 
specific  protocol  for  each  Phase  I  method  may  be  reviewed  in  the  Project 
Specific  Analytical  Methods  Manual  for  an  Environmental  Program  in  Support 
of  Litigation  at  RMA  (see  Section  III  of  the  Task  2  RMA  Pr  jcedures  Manual). 

Volatile  Organic  Compounds  in  Air  Using  Activated  Charcoal  and  Tenax 

This  method  was  designed  by  U8TL  for  the  National  Institute  of  Occupational 
Safety  and  Health.  It  is  designated  for  use  in  this  program  as  a  screening 
tool  to  identify  the  potential  for  each  sampling  team's  exposure  to  volatile 
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organic  contaminants  in  air  during  the  Phase  I  program.  The  charcoal  is 
desorbed  with  methylene  chloride,  and  tenax  with  Isooctane.  Extracts  will 
be  analyzed  by  fused  silica  capillary  colimin  GC/MS  in  order  to  identify 
significant  unknown  compounds.  This  method  will  not  be  USATHAMA  Certified. 

Asbestos  in  Solid  Samples 


This  procedure  will  De  a  screen  for  the  building  sampling  team  to  identify 
potential  exposure  to  asbestos.  Ttie  procedure  will  not  be  USATHAMA 
Certified.  A  polarizing  light  microscope  will  be  used  to  observe  the 
specific  optical  characteristics  of  the  sample.  Fiber  morphology,  color  and 
refractive  indices  along  specific  crystallographic  axes  will  be  determined. 
Orientation  of  polarizing  filters  such  that  vibration  planes  are  perpen¬ 
dicular  will  allow  birefringence  and  extinction  characteristics  of 
anisotropic  particles  to  be  observed.  Quantitative  analyses  of  asbestos 
will  Involve  the  use  of  point  counting.  The  point  counting  method  will  be 
used  for  analysis  of  samples  containing  from  0  to  100  percent  asbestos. 

Volatile  Organics  in  Soil  and  Solid  Samples  by  GC/MS 

Ttie  volatile  organics  method  was  based  on  EPA  Method  8240  in  solids  (EPA 
SW-846)  and  EPA  Method  624  in  liquids  (EPA  600/4-82-057).  This  method  was 
USATHAMA  Certified  for  soils  and  solids  at  the  semlquontltative  level  for 
the  Phase  I  Program. 

Due  to  this  volatility,  analysis  for  these  compounds  will  be  restricted  to 
building  sediments  from  confined  spaces  (e.g.,  sewer  lines,  sumps,  etc.), 
deep  soils  or  surface  soils  contaminated  with  oil.  Dust  samples  from 
buildings  and  surface  soils  not  contaminated  with  oil  will  not  be  assayed 
for  volatile  organics  by  this  technique. 

In  this  method,  a  ten  gram  portion  of  the  sample  will  be  obtained  with 
minimum  of  handling  and  placed  into  10  ml  methanol  in  a  volatile  organic 
acid  (VGA)  septum  vial,  spiked  with  the  surrogates:  methylene 
chloride-d2;  benzene-d^;  and  ethyl  benzene-d^g,  capped  with  a  teflon 
lined  septan  lid  and  shaken  for  four  hours.  A  20  yg  aliquot  of  the 
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methanol  extract  will  be  removed,  spiked  with  200  yg  of 
1,2-dlbrofnoethane-d^  as  an  Internal  standard  and  ln.^ed  Into  5  ml  of 
organlcs-free  water  contained  In  a  syringe.  The  contents  of  the  syringe  are 
then  Injected  Into  a  purging  device,  purged  and  analyzed  on  a  packed  column 
(IX  SP-ICOO  on  Carbopack  B)  by  GC/MS.  Each  sample  will  be  assayed  for 
target  compounds  at  detection  limits  Identified  In  Table  4-2. 

In  addition,  the  total  ion  current  profile  will  be  screened  for  up  to  five 
major  unknown  peaks.  An  attempt  will  be  made  to  identify  the  largest  of 
these  major  unknown  peaks  which  are  present  In  excess  of  ten  percent  of  the 
area  of  the  internal  standard  peak.  Each  of  these  major  unknown  peaks  will 
be  reported  as  the  purity,  fit  and  probability  to  match  for  the  three  most 
likely  candidate  compounds  from  the  Environmental  Protection  Agency /National 
Bureau  of  Standards/National  Institute  of  Health  (EPA/J6S/NIH)  Mass  Spectral 
library  computer  program.  Unknowns  identified  during  the  Phase  I  survey  may 
be  incorporated  as  analytes  Into  the  Phase  II  Progran  if  deemed  significant 
by  areal  and  vertical  extent  or  frequency  of  occurrence. 

Semlvolatlle  Organics  In  Soil  and  Solid  Samples  by  K/MS 

This  analytical  technique  was  based  on  EPA  Method  6270  in  solids  (EPA 
SW-8A6)  and  EPA  Method  624  in  water  (EPA  600/4-82-057)  and  was  USATHAMA 
Certified  in  soils  and  solids  at  the  semi  quantitative  level  for  the  Phase  I 
program. 

Using  this  method,  a  fifteen  gram  portion  of  the  sample  will  be  obtained 
with  a  minimum  of  handling  and  spiked  with  the  surrogates;  1,5-dichlora- 
benzene-d^;  dlethylphthalate-d^;  2-chlorophenol-d^ ;  and  di-N-octylphthalate-d^. 
The  sample  will  be  mixed  with  anhydrous  scdlLm  sulfate  (30  grams  or  more 
depending  on  sample  moisture  content)  then  soxhalet  extracted  for  eight 
hours  with  300  ml  hexane/acetone  (1:1  mixture).  The  extract  is  reduced  to  a 
final  volume  of  10  ml  in  a  Kudema-Oanlsh  (K-0)  apparatus.  An  aliquot  of 
this  concentrate  will  be  spiked  with  phenanthrene-dj^p  as  an  internal 
standard  and  analysed  on  a  fused  silica  capillary  colum  by  GC/MS.  Samples 
will  be  assayed  for  target  analytes  at  the  detecticx’  limits  shown  in 
Table  4-2.  In  addition,  the  total  ion  current  profile  will  be  scanned  for 
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major  unknown  peaks.  As  discussed  for  volatile  organics,  an  attempt  will  be 
n.ade  to  Identify  these  unknown  major  peaks.  This  method  will  be  USATHAMA 
Certified  at  the  semlquantltatlve  level. 

Metals  In  Soil  and  Solid  Samples  by  Inductively  Coupled  Argon  Plasma  (ICP) 
Emission  Spectrometry 


The  ICP  method,  based  on  USATHAMA  Method  7S,  is  USATHAMA  Certified  at  the 
quantitative  level. 

In  this  procedure,  a  one  gram  portion  of  sample  will  be  digested  in  a  watch 
glass  covered  Griffin  beaker  with  3  ml  of  concentrated  nitric  acid. 
Contents  of  beaker  will  be  heated  to  near  dryness  and  repeated  portions  of 
concentrated  nitric  acid  added  until  the  sample  is  completely  digested.  The 
digestion  process  Is  finished  with  two  ml  of  1:1  nitric  acid  and  2  ml  of  1:1 
hydrochloric  acid.  The  sample  digest  will  be  filtered,  the  beaker  and  watch 
glass  rinsed  with  deionized  water  and  rinsate  passed  through  the  filter. 
The  digestate  Is  brought  to  a  final  volume  of  fifty  ml  and  assayed  by  ICP. 
Samples  will  be  assayed  for  target  metals  at  detection  limits  identified  in 
Table  4-2. 

Arsenic  in  Soil  and  Solid  Samples  by  Graphite  Furnace  Atomic  Absorption 
Spectroscopy  (AA) 

The  arsenic  mcttod  in  soils  and  solids  will  be  developed  from  EPA  Method 
7060  (EPA-SW-846).  Using  this  method,  a  one  gram  sample  will  be  digested 
with  hydrogen  peroxide  and  concentrated  nitric  acid.  The  digest  will  be 
filtered  and  assayed  by  graphite  furnace  atomic  absorption  spectrometry. 
The  target  detection  limit  for  arsenic  will  be  1  yg/g.  This  method  will 
be  USATHAMA  Certified  at  the  quantitative  level. 

Mercury  in  Soil  and  Solid  Samples  by  Cold  Vaoor  Atomic  Absorption 
Spectroscopy  (AA) 

This  mercury  method,  developed  from  EPA  Method  245.5  (EPA  600/4-82-057), 
will  be  USATHAMA  Certified  at  the  quantitative  level.  In  the  method 
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triplicate  0.2  gram  sample  portions  will  be  placed  into  a  BOD  bottle  and 
digested  with  aqua  regia  followed  by  treatment  with  potassium  permanganate. 
Excess  permanganate  will  be  reduced  with  hydroxylamine  sulfate.  Mercury 
will  be  retliced  with  stannous  chloride  and  assayed  by  cold  vapor  AA.  The 
target  detection  limit  for  mercury  will  be  0.1  pg/g. 

l,2-Oibromo-3-chlQroproDane  (D6CP)  in  Soil  and  Solid  Samples  by  Gas 
Chromatography  (GC) 

This  method,  used  to  assay  for  DBCP,  is  based  on  a  method  developed  by 
Midwest  Research  Institute  and  is  USATHAMA  Certified  at  the  quantitative 
level. 

Using  this  procedure,  a  ten  gram  portion  of  the  sample  will  be  obtained  with 
minimun  handling  and  shaken  for  four  hours  with  20  ml  of  hexane/acetone 
(1:1)  mixture.  The  extract  will  be  rinsed  with  distilled  water,  brought  to 
a  final  volume  of  10  ml  with  hexane  and  assayed  by  a  GC  equipped  with  an 
electron  capture  detector  and  using  a  fused  silica  capillary  column.  The 
target  detection  limit  for  this  compound  will  be  0.01  yg/g  as  identified 
in  Table  4-2. 

Organic  Materials  in  Soil  Samples 


The  organic  materials  in  soil  method  was  developed  by  Utah  Biolocical 
Testing  Laboratories  for  use  in  their  agricultural  soils  analytical 
program.  The  procedure  is  derived  from  Methods  in  Soils  Analysis,  Part  2 
(American  Society  of  Agronomy  [1965]).  In  this  method,  a  sample  of 
<100-mesh  soil  will  be  weighed  into  an  Exlenmyer  flask,  exactly  10  ml  0.5 
N  Potassium  dichromate  solution  and  15  ml  concentrated  sulfuric  acid  added. 
The  flask  is  connected  to  a  West  condenser  and  heated  to  dichromate  oxidize 
all  organic  matter.  The  flask  will  then  be  cooled  and  the  condenser  rinsed 
with  deionized  water.  Contents  of  the  flask  will  be  brought  to  a  60  ml 
volume  with  deionized  water  and  titrated  with  a  0.2  N  ferrous  ammonium 
sulfate  hexahydrate  solution  using  N-phenylanthranillic  acid  as  indicator. 
Concentrations  of  organic  matter  in  soil  ranging  from  0.1  to  99.9  percent 
may  be  detected  by  this  procedure.  This  method  will  not  be  USATHAMA 
Certified. 
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TASK  2  TECHNICAL  PLAN 
Revision  1  -  8/85 


4.2.3  Sunnary  of  Phase  II  Analytical  Methods 

Analytical  a»thods,  target  analytes,  and  desired  target  detection  limits  for 
Phase  II  analytes  are  discussed  In  this  section  and  summarized  In  Table  4-3. 
All  Phase  II  methods  will  be  USAIHAHA  Certified  at  the  quantitative  level 
for  soil,  solid  and  water  matrices.  Referenced  methods  are  being  prepared 
In  a  specific  USATHAMA  format  as  per  the  instructions  of  the  Army  COR  by  the 
program  contractor  laboratories.  Phase  II  analytical  methods  will  be 
Included  in  the  Project  Specific  Analytical  Methods  Manual  for  an 
Environmental  Program  In  Support  of  Litigation  at  RMA  (see  Section  III  of 
the  RMA  Procedures  Manual)  when  they  have  been  developed  for  certification. 
This  Technical  Plan  document  will  be  modified  at  that  time  to  reflect  the 
Inclusion  of  all  Phase  II  reference  methods. 

Volatile  Haloqenated  Qroanlcs  in  Phase  II  Samples 

The  analytical  method  for  volatile  halogenated  organics  in  water  will  be 
based  on  EPA  Method  601  (EPA-600/6-82-057) .  This  analytical  procedure  will 
be  a  purge  and  trap  method,  assayed  on  a  packed  column  (1%  SP-1000  on 
Carbopack  B)  by  GC  equipped  with  a  Hall  electrolytic  conductivity  detector. 
Water  samples  will  be  spiked  with  1,2-dlbromethane  or  other  suitable 
internal  standard  based  on  Phase  I  experience  to  monitor  purge  efficiency. 

Analyses  of  volatile  halocarbons  in  soil  and  solid  samples  will  be  based  on 
EPA  Method  8010  (EPA  SW-846)  with  an  extraction  procedure  based  on  EPA 
Method  5030  (EPA  SW-846).  A  ten  gram  portion  of  a  soil  or  solid  sample  will 
be  obtained  with  minimum  handling  and  shaken  for  four  hours  in  ten  ml 
methanol.  An  aliquot  of  the  extract  will  be  injected  into  five  ml  organic 
free  water  and  spiked  with  1,2-dlbromoethane  or  other  suitable  internal 
standard.  This  spiked  water  will  be  transferred  to  a  purging  device,  purged 
and  analyzed  on  a  packed  column  (IX  SP-1000  on  Carbopack-8)  by  GC  with 
detection  by  a  Hall  electrolytic  conductivity  detector. 

Volatile  halogenated  organic  analyses  and  desired  detection 
identified  in  Table  4.3. 
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limits  are 


Volatile  Aromatic  Organics  In  Phase  II  Samples 


The  volatile  aromatic  hydrocarbon  methods  will  be  based  on  EPA  Method  602 
(EPA-660/4-82-057)  for  water  and  EPA  Method  8020  (EPA-SW-846)  for  soil  and 
solids.  Extraction  of  solid  samples  will  be  based  on  EPA  Method  5030 
(EPA-SW-846).  Analysis  of  volatile  aromatics  in  water  will  be  by  a  purge 
and  trap  method,  analyzed  by  GC  equipped  with  a  photoionization  detector 
using  a  packed  colutm  (IX  SP-1000  on  Carbopack  B). 

In  soil  and  solid  matrices  a  ten  gram  portion  of  sample  will  be  obtained 
with  minlmun  handling  and  shaken  for  four  hours  with  ten  ml  methanol.  An 
aliquot  of  the  extract  shall  be  injected  into  five  ml  of  organics  free 
water.  The  spike  water  will  be  transferred  to  a  purge  device,  purged  and 
assayed  on  a  packed  column  (IX  SP-1000  on  Carbopack  B)  by  a  GC  with  a 
photoionization  detector. 

Table  4.3  lists  the  volatile  aromatic  organic  constituents  and  target 
.detection  limits. 

Organochlorine  Pesticides  in  Phase  II  Samples 

The  analytical  methodology  for  organochlorine  pesticides  will  be  based  on 
EPA  Method  608  (EPA-^00/4-82-057)  for  water  and  EPA  Method  8080  (EPA  SW-846) 
for  soil  and  solid  samples.  An  800  ml  portion  of  water  will  be  extracted 
three  times  with  50  ml  methylene  chloride.  The  extract  shall  be  reduced  in 
volume  and  exchanged  with  hexane  to  a  final  volime  of  10  ml  or  less.  The 
concentrated  extract  will  be  analyzed  by  GC  with  an  electron  capture 
detector  using  a  fused  silica  capillary  column. 

Analyses  of  solid  matrices  for  organochlorine  pesticides  will  involve 
shaking  a  ten  gram  portion  of  sample  with  20  ml  hexane/acetone  (1:1)  for 
four  hours.  The  extract  will  be  assayed  using  a  fused  silica  capillary 
column  by  GC  with  an  electron  capture  detector.  The  hexane/acetone 
extraction  method  was  selected  for  compatibility  with  extraction  procedures 
for  organophosphorous  and  organosalfur  compounds  in  solid  matrices. 
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Organochlorine  pesticides  and  their  target  detection  limits  are  listed  in 
Table  4.3. 

l,2-OibrcTO-3-chloropropane  (D6CP)  In  Phase  II  Samples 

The  procedure  for  the  analyses  of  DBCP  was  developed  by  Midwest  Research 
Institute  for  both  water  and  soils.  A  90  ml  portion  of  water  sample  will  be 
placed  in  a  100  ml  volumetric  and  saturated  with  sodiun  chloride.  The 
sample  will  be  extracted  twice  with  one  ml  hexane,  the  extracts  combined  and 
brought  to  a  final  volume  of  2  mis.  An  aliquot  of  the  extract  is  analyzed 
on  a  fused  silica  capillary  column  by  GC  equipped  with  an  election  capture 
detector.  The  target  detection  limit  for  DBCP  will  be  0.1  yg/1. 

The  analytical  methodology  for  DBCP  in  soils  and  solids  has  been  described 
previously  in  Section  4.2.2  and  Table  4-2. 

Dlcyclopentadiene  (DCPO)  and  Bicycloheptadiene  (BCHD)  in  Phase  II  Samples 

The  specific  procedures  for  DCPD  and  BCl-D  were  developed  by  Midwest  Research 
Institute  for  both  water  and  soil  matrices. 

A  100  ml  portion  of  water  sample  will  be  extracted  with  five  ml  methylene 
chloride.  The  extract  will  be  assayed  on  a  fused  silica  capillary  column  by 
GC  equipped  with  a  flame  ionization  detector.  The  target  detection  limit 
for  both  DCPO  and  BCHD  will  be  10  yg/1. 

The  methodology  for  DCPO  and  BCHD  in  soil  and  solids  involves  obtaining  a 
ten  gram  portion  of  sample  with  a  minimum  of  handling,  blending  with  ten 
grams  anhydrous  sodium  sulfate  and  shaking  the  mixture  with  20  ml  methylene 
chloride  for  four  hours.  An  aliquot  of  the  extract  is  assayed  directly  on  a 
fused  silica  capillary  column  by  GC  equipped  with  a  flame  ionization 
detector.  The  target  detection  limit  for  DCPO  abd  BCHO  in  soil  will  be  10 

yg/g. 
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Orqanosulfur  Compounds  in  Phase  II  Samples 


The  organosulfur  compounds  that  will  be  target  analytes  In  Phase  II  are 
listed  In  Table  4.3.  Methodologies  for  organosulfur  analyses  will  be 
developed  from  USATH4M4  Method  4P  for  water  and  USATHAM4  Method  IG  for 
solids. 

In  a  water  matrix  an  800  ml  sample  will  be  extracted  three  times  with  50  ml 
methylene  chloride.  The  extract  volume  shall  be  reduced  In  a  K-0  apparatus 
and  exchanged  for  isooctane.  The  Isooctane  extract  will  be  assayed  on  a 
packed  column  (5X  SP-1000  on  Chromosorb)  by  GO  with  a  flame  photometric 
detector.  The  target  detection  limit  for  organosulfur  compounds  in  water 
will  be  2  ug/1. 

For  solid  matrix  (USATHAMA  Method  IG)  samples  z  ten  gram  portion  of  soil 
will  be  mixed  with  ten  grams  of  anhydrous  sodium  sulfate  and  extracted  with 
20  ml  hexane/acetone  (1:1)  with  shaking  for  four  hours.  An  aliquot  of  the 
extract  will  be  injected  onto  a  packed  column  (5*  SP-1000  on  Chromosorb)  and 
analyzed  by  GO  equipped  with  a  flame  photometric  detector.  The  hexane/ 
acetone  extraction  method  was  selected  for  compatibility  of  extraction 
procedure  with  organochlorlde  pesticides  and  organophosphorous  compounds  in 
solids.  Target  detection  limits  for  organosulfur  compounds  in  solids  will 
be  1  yg/g. 

Phosphonates  in  Phase  II  Samples 

The  phosphonates  include  diisopropylmethylphosphonate  (DI>>ff’)  and 
dlmethylmethylphosphonate  (Dt»4’).  Specific  analytical  methodologies  for 
phosphonates  will  be  developed  from  USATHAMA  Method  4S  for  water  and 
USATHAMA  Method  IH  for  soils. 

Water  analysis  for  phosphonates  will  Involve  extracting  an  800  ml  sample 
three  times  with  methylene  chloride.  The  extract  shall  be  combined,  the 
voluine  reduced  in  a  K-0  apparatus  and  exchanged  with  iscoctane.  The 
Isooctane  extract  will  be  analyzed  on  a  fused  silica  capillary  column  by  GO 
equipped  with  a  nitrogen/phosphorous  detector.  The  target  detection  limit 
for  phosphonates  in  water  will  be  2  yg/1. 
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In  I  solid  matrix,  a  20  gm  sample  will  be  prepared  for  phosphonate  analyses 
by  extraction  with  20  ml  methylene  chloride  with  sodium  sulfate.  The 
extract  will  be  assayed  on  a  fused  silica  capillary  column  by  GC  using  a 
nltropen/phosphorous  detector.  Target  detection  limits  for  phosphonates  in 
soils  will  be  1  ug/g  from  dikp  and  2ug/g  for  dmnp. 

Organophosphrrous  Pesticides  in  Phase  II  Samples 

Organof^sphorous  compounds  targeted  for  Phase  II  analyses  are  listed  in 
Table  4.3.  Analytical  methods  for  these  compounds  are  derived  from  EPA 
Method  8140  (EPA  SW-846)  for  both  water  and  soil  matrices. 

In  a  water  matrix  the  five  organophosphorous  compounds  will  be  extracted 
from  an  800  ml  sample  with  three  50  ml  volumes  of  methylene  chloride.  The 
extract  will  be  concentrated  and  exchanged  with  isooctane  to  a  final  volume 
of  5  ml.  An  aliquot  of  the  extract  will  be  assayed  on  a  fused  silica 
capillary  column  by  GC  equipped  with  a  nitrogen/phosphorous  detector. 
Target  detection  limits  for  the  five  organophosphorous  pesticides  in  wacer 
will  be  0.1  vQ/l. 

The  analyis  of  organophosphorous  compounds  in  soil  will  involve  mixing  ten 
grams  of  anhydrous  sodium  sulfate  and  extracted  with  20  ml  of  hexane/acetone 
(1:1)  for  four  hours.  Aliquots  of  the  extract  will  be  assayed  by  GC  with  a 
nitrogen/phosphorous  detector  using  a  fused  silica  column.  The  desired 
tjrget  detection  limit  for  organophosphorous  ccmpcunds  in  solids  will  be 
1  iig/g. 

Metals  in  Phase  II  Samples 

Eleven  metals  will  be  assayed  in  Phase  II  matrices.  The  metals  and 
principal  analytical  method  will  be  as  follows:  arsenic  and  mercury  by 
atomic  absorption;  and  chromium,  cadmium,  copper,  lead,  zinc,  magnesium, 
calciut  and  sodium  by  ICP. 

The  method  for  arsenic  analysis  will  be  derived  from  EPA  Method  206.2 
(EPA-600/4-79-020)  for  water  and  EPA  Method  7060  with  extraction  by  EPA 
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Method  3050  (EPA  SW-846)  for  solids.  Using  EPA  Method  206.2 
(EPA-600/4-79-020) ,  a  100  ml  sample  of  water  will  be  digested  with  hydrogen 
peroxide  and  concentrated  nitric  acid.  The  digest  will  be  assayed  by 
graphite  furnace  atomic  absorption  spectrometry.  Target  detection  limits 
for  arsenic  in  water  will  be  10  yg/l.  For  arsenic  in  soils  a  one  gram 
sample  will  be  digested  with  hydro'^.n  peroxide  and  concentrated  nitric  acid 
and  the  digest  assayed  by  graphite  'urnace  atomic  absorption  spectrometry. 
The  desired  detection  limits  for  arsenic  in  soils  will  be  1  ug/g. 

The  mercury  methods  will  be  derived  from  EPA  Method  245.1  (EPA-600/4-79-020) 
for  water  and  EPA  Method  245.5  (EPA-600/4-79-020)  for  solids.  In  the  water 
method  a  100  ml  sample  will  be  treated  with  sulfuric  acid,  nitric  acid, 
potassslum  permanganate  and  potassium  pursulfate.  Excess  permanganate  will 
be  destroyed  with  hydroxylamine  sulfate.  Mercury  will  be  reduced  with 
stannous  sulfate  and  assayed  by  cold  vapor  atomic  absorption  spectrometry. 
The  target  detection  limit  for  mercury  in  water  will  be  0.1  yg/1. 

MercuT'  analysis  in  solids  has  been  discussed  previously  in  Section  4.2.2. 

The  method  for  ICP  metals  in  water  was  derived  from  EPA  Method  200.7 
(EPA-600/4-79-020).  An  ICP  method  in  solids  was  developed  from  a  modified 
USATHAMA  7S  Procedure.  Target  analytes  and  desired  detection  limits  for  ICP 
metals  in  each  matrix  are  shown  in  Table  4.3. 

All  water  samples  for  ICP  metals  will  be  digested  by  adding  nitric  and 
hydrochloric  acid  and  heating  before  analyses  to  dissolve  any  percipltates 
that  may  have  formed  after  sampling.  The  sample  digest  will  be  filtered, 
brought  to  a  final  volume  of  50  ml  and  assayed  by  inductively  coupled  argon 
plasma  emission  spectrometry. 

Phase  II  soils  will  be  assayed  for  ICP  metals  by  digesting  one  gram  of  soil 
with  repeated  portions  of  nitric  acid  and  finishing  the  sample  with 
hydrochloric  acid.  The  sample  digest  will  then  be  filtered,  brought  to  a 
final  volume  of  50  ml  and  assayed  by  Inductively  coupled  argon  plasma 
emission  spectrometry. 
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Anions  In  Phase  II  Samples 


Five  anions,  including  sulfate,  nitrate,  chloride,  fluoride  and  phosphate, 
will  be  surveyed  in  selected  Phase  II  samples.  Detection  limits  for  these 
anions  are  listed  in  Table  4.3.  For  sulfate,  chloride  and  fluoride  in 
water,  EPA  Method  300  (EPA  600/4-79-020)  will  be  used.  Nitrates  and 
phosphates  in  water  and  all  five  anions  in  soils  will  be  assayed  by 
contractor  developed  methods  will  be  USATHAMA  Certified. 

In  water,  the  sample  will  be  filtered  and  analyzed  for  sulfate,  chloride  and 
fluoride  directly  by  ion  chromotography  using  suppressor/ separator  columns. 
Nitrate  and  phosphate  will  be  assayed  on  an  autoanalyzer.  Sulfate,  choloride 
and  fluoride  ions  will  be  determined  in  a  single  run  without  post  column 
reaction  using  peak  areas  to  determine  concentration.  Nitrate  and  phosphate 
ions  will  be  determined  colormetrically . 

In  soils,  a  one  gram  portion  of  sample  will  be  combined  with  10  ml  water  in 
a  screw  cap  tube  and  extracted  in  an  ultrasonic  bath  for  30  minutes.  The 
water  extract  will  be  filtered  and  the  filtrate  assayed  by  ion  chromatography 
using  suppresssor/ separator  columns.  Nitrate  and  phosphate  will  be  assayed 
on  an  autoanalyzer.  Sulfate  chloride  and  fluoride  ions  will  be  quantified 
in  a  single  run  without  post  column  reaction  using  peak  areas.  Nitrate  and 
phosphate  ions  will  be  determined  colormetrically. 

GC/MS  Confirmation  of  Phase  II  Samples 

Approximately  ten  percent  of  the  total  number  of  Phase  II  samples  which  were 
found  to  contain  quantifiable  target  organic  compounds  by  GC  will  be  screened 
by  GC/MS  to  confirm  analyte  identity  and  purity.  The  presence  or  absence  of 
co-eluting  unknown  peaks  will  be  the  single  criterion  used  to  confirm  purity 
of  target  analytes.  The  GC/MS  confirmation  will  be  performed  within  the 
prescribed  holding  time  for  sample  extracts  using  columns  and  conditions 
similar  to  those  used  in  the  original  Phase  II  GC  analyses.  This  GC/MS 
confirmation  method  will  provide  positive  or  negative  verification  of  target 
compound  identity  and  purity  only  and  will  be  performed  without  prior 
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certification.  New  urt<nowns'  will  not  be  identified  during  the  GC/MS 
confirmation  program.  It  is  anticipated  that  low  concentrations  of  certain 
target  analytes  may  not  be  applicable  to  this  confirmation  technique. 
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TASK  2  TECHNICAL  PLAN 
Revision  1  -  8/85 


5.0  QUALITY  ASSURANCE/QUALITY  CONTROL  PLAN 


5.1  Project  OA/OC  Plan 

An  integral  part  of  the  Technical  Plan  is  the  project  specific  Quality 
Assurance/Quality  Control  (QA/QC)  Plan  describing  the  application  of 
Ebasco's  procedures  to  monitor  and  control  field  and  analytical  efforts  at 
RMA.  Ebasco  has  developed  a  Project  QA/QC  Plan  applicable  to  geotechnical, 
sampling  and  analytical  activities  for  Task  2.  The  plan  is  presented  in 
Section  III  of  the  Task  2  RMA  Procedures  Manual.  The  specific  objectives  of 
the  Ebasco  Quality  Assurance  Program  for  RMA  are  to: 


0  Ensure  adherence  to  established  USATHAMA  QA  Program  guidelines  and 
standards ; 

0  Assure  precision  and  accuracy  for  measurement  data; 

0  Ensure  validity  of  procedures  and  systems  used  to  achieve  project 
goals; 

0  Assure  that  documentation  is  verified  and  complete; 

0  Ensure  that  deficiencies  affecting  quality  of  data  are  quickly 
determined; 

0  Perform  corrective  actions  that  are  approved  and  properly  documented; 

0  Assure  that  the  data  acquired  will  be  sufficiently  documented  to  be 
legally  defensible; 

0  Ensure  that  the  precision  and  accuracy  levels  attained  during  the 
USATHAMA  analytical  certification  program  are  maintained  during  the 
project. 
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The  overall  project  QA/QC  responsibility  rests  with  the  Project  Quality 
Assurance  Coordinator.  He  will  be  assisted  by  the  field  and  laboratory 
QA/QC  coordinators.  Ebasco  has  proposed  the  use  of  two  field  sampling 
teams.  Each  team  will  include  a  field  QA/QC  Coordinator.  The  field  QA/QC 
Coordinator  for  each  team  will  assure  that  all  quality  control  procedures 
are  implemented  for  drilling,  sampling,  chain-of-custody  and  documentation. 

Ebasco  is  using  two  laboratories  for  the  performance  of  chemical  analytical 
services.  Both  laboratories  will  comply  with  the  project  QA/QC  plan.  Each 
laboratory  has  appointed  a  Laboratory  QA/QC  Coordinator.  Their 
responsibilities  include: 

0  Monitor  the  quality  control  activities  of  the  laboratory; 

0  Recommend  improvement  in  laboratory  quality  control  protocol,  when 
necessary; 

0  Log  in  samples,  introduce  control  samples  in  the  sample  train  and 
establish  sample  testing  lot  sizes; 

0  Approve  all  data  before  submission  to  permanent  storage; 

0  Maintain  all  quality  control  records  and  chain-of-custody  documents; 

0  Assure  docanent  and  sample  security; 

0  Inform  Ebasco 's  Project  QA  Coordinator  of  non-compliance  with  the 
Project  QA  Plan;  and 

0  Prepare  and  submit  a  weekly  report  of  quality  control  data  to  the 
Ebasco  Project  Quality  Assurance  Coordinator. 

Prior  to  actual  field  program,  a  QA/QC  training  will  be  conducted  by  the 
project  QA/QC  Coordinator  to  indoctrinate  field,  laboratory  and  project 
personnel  in  the  specific  procedures  detailed  in  the  project  QA/QC  Plan. 
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Also,  prior  to  analysis  of  samples,  the  project  QA/QC  coordinator  will  visit 
the  laboratories  to  review  analytical  procedures  with  chemical  analysis 
personnel  and  instruct  the  Laboratory  QA/QC  Coordinators  in  the  requirements 
of  the  project  QA/QC  plan  and  data  validation  procedures.  In  addition,  the 
project  QA/QC  coordinator  will  perform  audits  of  field  and  laboratory  work 
on  a  bi-monthly  basis  to  ensure  compliance  with  the  Project  QA/QC  Plan. 
Specific  project  QA/C?:  requirements  are  described  in  the  following  sections. 

5.2  Specific  Project  Requirements 

5.2.1  Geotechnical  Requirements 

The  project  geotechnical  requirements  are  described  in  Section  7  of  the 
QA/^  Plan  (Section  III  of  the  Task  2  RMA  Procedures  Manual).  These 
requirements  are  based  on  the  geotechnical  guidelines  established  by 
USATHAHA.  Specifically,  this  chapter  addresses  the  geotechnical 
requirements  for  well  drilling  operations,  borehole  logging,  well 
Installation  and  development,  well  diagrams,  well  acceptance,  topographic 
surveying,  selected  data  management  entries  and  geotechnical  reports. 
Ebasco  will  have  a  geologist  present  and  responsible  at  each  operating  drill 
rig  for  the  logging  of  sanples,  monitoring  drilling  operations,  recording  of 
water  losses/gains  and  groundwater  data,  preparing  the  boring  logs  and  well 
diagrams  and  recording  the  well  installation  procedures  of  that  rig.  The 
ulitmate  responsiblity  of  accepting  a  monitoring  well  for  groundwater 
sampling  rests  with  the  Ebasco  field  QA/QC  Coordinator.  In  accepting  a 
monitoring  well  the  field  QA/QC  Coordinator  will  use  established  criteria. 
Wells  not  meeting  these  minimum  criteria  may  be  rejected  by  the  field  QA 
Coordinator. 

5.2.2  Field  Sampling 

The  management  of  samples,  up  through  the  point  of  shipment  from  the  field 
to  the  laboratory,  will  be  under  the  supervision  of  Ebasco 's  Field  QA 
Coordinators  (FQAC).  Samples  must  be  collected  in  properly  cleaned 
containers,  properly  labeled,  preserved  and  transported  according  to  the 
prescribed  methods.  Section  8.0  of  the  Project  QA/QC  Plan  describes  the 
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procedures  to  monitor  adherence  to  approved  sampling  protocol.  If  the  FQAC 
determines  that  deviations  from  the  sampling  protocol  have  occurred, 
resulting  in  a  compromise  of  the  sample  integrity,  all  samples  taken  prior 
to  the  inspection  will  be  discarded  and  fresh  samples  will  be  taken.  The 
FQAC  will  introduce  field  control  samples  into  the  sample  flow  in  an 
inconspicuous  fashion.  The  FQAC  is  responsible  for  field  chain-of-custody 
documentation  and  transfer  and  will  supervise  the  strict  adherence  to 
chain-of-custody  procedures. 

5.2.3  Laboratory  Quality  Assurance  Procedures 

Section  10  of  the  Project  QA/QC  Plan  describes  the  Laboratory  Quality 
Assurance  Procedures.  Both  Laboratories  along  with  their  internal  quality 
assurance  program  will  adhere  to  the  Project  QA/QC  Program. 

The  Laboratory  QA  Program  begins  with  the  receive  of  the  samples:  from  the 
field.  All  samples  will  be  shipped  to  UBTL  for  logging  in,  sample  splitting 
and  distribution  for  analyses.  The  Laboratory  Quality  Assurance  Coordinator 
is  responsible  for  monitoring  the  laboratory  activities.  He  is  also  respon¬ 
sible  for  determining  testing  lot  sizes  and  introducing  laboratory  control 
samples  into  the  testing  lot. 

The  samples  must  be  analyzed  within  the  prescribed  holding  time  by  the 
approved  analytical  methods.  Analytical  methods  are  described  in  Section 
4.0  of  the  Technical  Plan. 

5.2.4  Laboratory  Analytical  Controls 

Dally  quality  control  of  the  analytical  systems  ensures  accurate  and 
reproducible  results.  Careful  calibration  and  the  introduction  of  the 
control  samples  are  prerequisites  for  obtaining  accurate  and  reliable 
results.  Procedures  for  instrument  calibration  and  analytical  controls  are 
described  in  Section  12  of  the  Project  QA/QC  Plan. 

The  laboratory  coordinator  for  each  laboratory  will  monitor  the  analytical 
controls.  The  out-of-control  situation  can  be  detected  by  the  control 
charts . 
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Wien  an  out -of -control  situation  Is  detected,  efforts  will  be  initiated  to 
determine  the  cause.  Corrective  actions  will  be  taken  to  bring  the  process 
under  control.  Full  documentation  of  an  out-of-control  situation  and  the 
subsequent  corrective  action  will  be  recorded  by  the  Laboratory  Quality 
Assuance  Coordinator. 

5.2.5  Laboratory  Data  Management,  Data  Review  and  Validation  and  Reporting 
Procedures 

Sections  13  to  16  of  the  Project  QA/QC  Plan  detail  the  procedures  for 
laboratory  data  review,  validation  and  reporting  procedures.  The 
laboratories  utilize  highly  automated  system  for  analytical  data  collection 
and  reduction.  The  analytical  supervisor  along  with  the  Laboratory  QA 
Coordinator  review  all  analytical  data  after  data  reduction  and  prior  to  the 
transfer  of  the  data  report  to  Ebasco.  The  laboratory  data  reporting 
procedure  is  described  in  Section  15  of  the  Project  QA/X  Plan  which  is 
based  on  the  established  USATHAMA  reporting  procedures  for  analyses 
performed  at  quantitative  and  semi-quantitative  levels.  The  laboratories 
will  adhere  to  this  reporting  procedures. 
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FIGURE  6.1-1 


DATA  FLOW  BETWEEN  EBASCO, 
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Sample  control  identification  nunters  will  be  assigned  to  each  sample 
collected  in  the  field  by  the  sample  coordinator.  These  sample  identifiers 
are  to  be  recorded  on  the  sample  tag  in  the  field  data  log  book  and  on  the 
sample  chain  of  custody  record  at  the  time  of  sample  collection.  The  chain 
of  custody  record  will  also  serve  as  the  analytical  request  form,  verifiable 
by  the  analytical  request  list  on  the  sample  tag.  The  sample  coordinator 
will  check  sample  tags,  chain  of  custody  forms  and  field  data  logs  to  assure 
complete  and  correct  field  data  entry.  Field  identification  numbers  will 
remain  with  each  sample  throughout  the  data  collection,  shipment,  analysis 
and  report  phases  of  the  program. 

As  part  of  the  logging  in  of  field  data,  the  sample  coordinator  will  copy 
jach  chain  of  custody  form  onto  the  field  notebook,  package  and  seal  the 
samples  for  shipment  to  the  laboratory  and  assure  the  shipment  cf  these 
samples.  The  sample  coordinator  will  forward  the  necessary  written  fieJ.d 
records  to  the  data  coordinator  at  Ebasco's  Denver  office  for  entry  into  the 
computer. 

Geotechnical  Program 

Geotechnical  boring  logs,  containing  pertinent  data  regarding  borehole 
lithology,  will  be  coded  immediately  upon  receipt  from  the  field  onto 
USATHAMA  data  coding  sheets.  These  data  will  be  eritered  into  the  Field 
Drilling  Files  by  the  Ebasco  Denver  office. 

Upon  completion  of  the  drilling  of  borings  at  each  site,  a  surveying  crew 
will  determine  map  coordinates  and  ground  elevations  for  the  location  of 
each  boring.  These  survey  data  will  be  coded  immediately  onto  USATHAMA  data 
coding  sheets,  and  will  be  entered  into  the  I.R-DMS  Map  Files  by  the  Ebasco 
Denver  office.  It  is  critical  that  these  files  be  entered  into  the  data 
management  system  before  the  completion  of  chemical  analyses,  as  each  sample 
location  must  be  associated  with  a  map  location. 

Nine  ground  water  TOnitoring  wells  are  planned  for  the  Phase  II  program  of 
lask  2.  Upon  completion  of  the  well  construction,  data  such  as  total  depth 
of  well,  casing  and  screen  length,  and  location  of  sand  pack,  bentonite,  and 


6-2 


grcxjt  seals  will  be  coded  and  entered  into  the  Field  Drilling  File.  Water 
levels  will  be  determined  and  will  be  entered  into  die  Ground  Water 
Stabilized  File. 

Laboratory 

When  samples  are  received  at  U8TL,  the  sample  receipt  officer  will  sign  the 
chain  of  custody  record,  log  in  sample  shipiment,  verify  sample  integrity, 
assign  sample  lots,  prepare  split  samples  and  identify  samples  to  be  sent  to 
CAL  or  to  be  retained  by  UBTL  for  chemical  analysis.  Each  laboratory,  UBTL 
and  CAL,  will  submit  weekly  sample  status  reports  to  ESasco's  data  manager. 
This  weekly  status  report  will  be  used  to  aid  in  planning  the  rate  of  field 
sampling  and  the  distribution  of  laboratory  workloads. 

Field  and  laboratory  sample  control  identification  and  chemical  analysis 
data  will  be  transcribed  to  the  data  coding  sheet  by  UBTL  and  CAL,  then 
verified  using  the  program's  laboratory  control  procedures.  The  verified 
data  coding  sheets  will  then  be  delivered,  by  courier,  to  Ebasco's  data 
manager  for  entry  into  the  IR-OMS  data  base. 

d.3  Data  Entry  and  Validation 

Figure  6.3-1  describes  the  flow  and  decisions  necessary  to  successfuly  enter 
laboratory  results  into  the  IR-OMS  Univac  1100/61.  The  first  step  in  data 
entry  will  be  to  create  a  magnetic  tape  copy  of  the  coding  sheets  on  the 
Tektronix  4051  terminal  by  keypixiching.  The  Tektronix  operator  will  enter 
only  a  subset  of  a  complete  file  at  one  time.  These  file  subsets  will  later 
be  merged  to  a  single  file  using  the  LNIVAC.  After  keypunching,  the  operator 
will  obtain  a  printed  ''opy  of  the  data  subset  using  the  Tektronix  printer, 
and  will  verify  that  the  data  in  the  Tektronix  tape  file  is  identical  to 
that  on  the  coding  sheets.  The  operator  will  correct  any  data  entry  typo¬ 
graphic  errors  using  the  Tektronix  editor,  then  obtain  a  second  printing  of 
the  file  to  confirm  that  the  changes  were  properly  made.  Methods 
certification  data  and  map  location  data  will  be  entered  first  because 
validation  routines  make  use  of  it. 
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rrauRE  a.3-1 
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LABORATORY  DATA  FLOW 
TO  THE  IR-OMS  UNIVAC  1100/61  SYSTEM 
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Once  the  operator  is  certain  that  there  are  no  remaining  data  entry  errors 
on  the  Tektronix  tape,  the  operator  will  use  the  Tektronix  4051  as  a  remote 
terminal  to  transfer  the  data  to  the  UNIVAC  1100/60.  To  do  this,  the  opera¬ 
tor  will  load  the  data  entry  software,  catalog  a  Level  1  (pre-acceptance) 
file  on  the  UNIVAC,  and  transmit  the  data  over  the  telephone  lines  using  a 
modulator-demodulator  (modem).  EPasco's  operators  will  transfer  Tektronix 
entry  tape  files  to  Level  1  UNIVAC  files  at  least  once  per  week,  and  will 
maintain  a  log  of  terminal  usage  and  communication  with  the  UNIVAC. 

Once  data  is  transferred,  the  operator  will  make  use  of  IR-OMS  utilities 
provided  to  convert  English  units  of  measurement  to  SI  units.  Also,  to 
convert  State  Planar  or  UTM  grid  system  coordinates  to  local  origin 
coordinates,  if  necessary. 

Next,  the  operator  will  invoke  the  IR-DMS  data  acceptance  routiries  to  perform 
the  final  data  verification  and  create  a  Level  2  (temporary  read-only)  file. 
The  acceptance  routines  will  identify  any  errors  in  format  or  coding  and  any 
inconsistencies  with  corresponding  map  records  previously  loaded.  If  the 
acceptance  routine  does  find  errors  at  this  stage,  the  operator  will  check 
the  "R"  file.  The  "R"  file  contains  the  rejected  records  that  the  acceptance 
routine  creates.  The  UNIVAC  editor  is  used  to  correct  the  verified  entries, 
then  they  are  resubmitted  to  the  UNIVAC  for  acceptance.  After  acceptance, 
thr  operator  will  run  the  Level  2  transfer  routine  to  create  a  Level  2  file 
for  geological  data.  (The  IR-OMS  automatically  creates  chemical  and 
geological  Level  2  files.)  Ebssco's  operators  will  run  the  Level  1  data 
files  through  the  data  acceptance  routines  within  seven  days  of  their 
transfer  to  the  UNIVAC  system.  They  will  delete  Level  1  files  once  this 
data  is  accepted  at  Level  2. 

Once  the  Level  2  file  is  created,  the  data  processing  operator  will  create  a 
printed  copy  of  the  data  set  on  the  UNIVAC  1100/60  and  submit,  within  ten 
working  days  of  the  Level  2  transfer,  this  copy  to  USATHAMA. 

The  final  step  in  the  data  entry  and  validation  process,  the  creation  of  a 
Level  3  (final  version,  read-only)  file,  is  undertaken  by  the  USATHAMA  APG-EA 
data  processing  staff. 


Ebasco  intends  to  develop  a  streamlined  data  collection/entry  procedure 
during  the  course  of  this  program.  Figure  6.3-2  illustrates  the  basic 
approach  to  be  followed  in  streamlining  this  data  collection/entry  procedure. 
This  proceAjre  will  involve  data  entry  and  verification  on  the  VAX  computers 
at  UBTL  and  CAL  with  subsequent  data  transfer  to  an  IBM  PC  or  tektronix 
computer  at  Ebasco's  Denver  office.  Data  is  then  entered  into  the  UNIVAC. 
The  system  is  expected  to  increase  the  efficiency  and  reliability  of  the 
collection/entry  process  without  any  adverse  cost  impacts  to  USATHAMA. 
tfriile  this  streamlined  system  is  being  developed,  the  data  flow  to  the 
UNIVAC  will  be  maintained  via  the  Tektronix-UNIVAC  hardware  (Figure  6.3-1). 

6.4  Analysis  and  Presentation 

Ebasco  scientists  will  access  the  USATHAma  IR  data  base  and  will  perform 
analyses  as  required  to  support  all  contamination  assessment  work.  The  data 
analysis  efforts  will  include  graphic  representations  of  data  using  data 
gridding,  contouring,  and  three-dimensional  surface  representations. 
(Specifics  of  the  contamination  assessment  work  are  presented  in  Section  8.) 

Several  techniques  will  be  used  to  access  the  data.  If  possible,  IBM  PCs 
will  be  used  in  terminal  emulation  inode  to  capture  Level  3  data  from  the  IR 
data  base  in  order  to  perform  analyses  and  prepare  material  for  presentation. 
The  Tektronix  4051  terminal  will  also  be  used  in  a  direct  link  to  the  UNIVAC 
to  prepare  analyses  and  graphic  representations.  Ebasco  scientists  may 
establish  communication  links  between  IBM  PCs  to  interchange  data  and 
facilitate  data  analysis. 
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7.0  HEALTH  AND  SAFETY  PLAN 


A  draft  of  the  project  Health  and  Safety  Plan  (HASP),  prepared  according  to 
the  Ebasco  Corporate  Health  and  Safety  Program,  is  included  in  Section  IV  of 
the  Task  2  RMA  Procedures  Manual.  The  purpose  of  this  section  is  to  provide 
an  overview  of  the  safety  program  that  Ebasco  will  employ  to  ensure  the 
safety  of  its  employees  and  that  of  subcontractors  engaged  in  the  field 
investigation  activities  at  RMA.  All  pesonnel  working  at  RMA  are  or  will  be 
familiar  with  this  document  and  they  are  and  or  will  be  indoctrinated  in  all 
aspects  of  the  safety  program. 

In  particular,  the  following  specifics  of  this  document  are  especially 
important  to  the  South  Plants  Area  investigative  activities.  These  are: 

0  Safety  organization,  administration  and  responsibilities; 

0  Initial  assessment  and  procedures  for  hazard  assessment; 

0  Safety  training; 

0  Safety  operations  procedures; 

0  Monitoring  procedures ; 

0  Safety  considerations  for  sampling;  and 

0  Emergency  procedures . 

Overall  responsibility  for  safety  during  the  site  investigation  activities 
rests  with  the  Project  Health  and  Safety  Officer.  He  is  responsible  for 
developing  the  site-specific  HASP  at  RMA  and  through  the  on-site  Health  and 
Safety  Coordinator  assunes  its  implementation  responsibility.  Specifically, 
he  and  his  staff  are  responsible  for: 

0  Characterizing  the  potential  specific  chemical  and  physical  hazards 
to  be  encountered; 

0  Developing  all  safety  procedures  and  operation  on-site; 

0  Assuring  that  adequate  and  appropriate  safety  training  and  equipment 
are  available  for  project  personnel; 
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0  Arranging  for  medical  examinations  for  specified  project  personnel; 

0  Airranging  for  the  availability  of  on-site  emergency  medical  care  and 
first  aid,  as  necessary; 

0  Determining  and  posting  locations  and  routes  to  site  work  Mnes; 

0  Notifying  Installation  emergency  officers  (i.e.,  police  and  fire 

departments)  of  the  nature  of  the  team's  operations  and  making 
emergency  telephone  nirtbers  available  to  all  team  members; 

0  Indoctrinating  all  team  members  in  safety  procedures. 

In  implementing  this  safety  program,  the  project  Health  and  Safety  Officer 
will  be  assisted  by  a  field  Health  and  Safety  Coordinator.  His  function  is 
to  oversee  that  the  established  health  and  safety  procedures  are  properly 
followed.  The  details  of  the  safety  organization,  administration  and 
responsibilities  are  described  in  Section  I  of  this  HASP. 

The  South  Plants  Area  consists  of  over  300  buildings  formerly  housing 
various  commerical  chemical  (pesticides)  manufacturing  process  and 
laboratories  as  well  as  military  production  (military  ordinance  and  chemical 
agents)  and  storage  facilities.  Based  on  the  evaluation  of  past  activities, 
incidents  and,  accidents  and  investigtions,  the  presence  of  chemicals  and 
wastes  were  found  to  be  present  randomly  throughout  the  South  Plants  area  in 
the  form  of  solid,  liquid  and  gases.  The  characteristics  of  these  waste  are 
known  to  be  toxic  and  hazardous  to  the  human  health.  The  conclusion  on  the 
site  hazard  assessment  based  on  historical  evidence  is  that  the  overall  site 
hazard  assessment  is  extremely  variable  and  is  entirely  location  and 
operation  dependent.  Section  V  of  the  HASP  describes  the  procedures  to  be 
employed  to  determine  hazard  of  a  specific  building  or  a  sampling  location 
for  the  identification  of  the  preliminary  level  of  protection  requirement. 

Section  VI  of  the  HASP  explains  the  training  program  that  is  planned  for  the 
RMA  project.  Basically,  the  training  will  focus  on  the  general  health  and 
safety  consideration  and  provide  site  specific  safety  instructions. 
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Section  VII  describes  in  detail  the  safety  operations  procedures.  The 
important  aspects  of  the  safety  operations  procedures  are: 

0  Zone  approach  for  field  work; 

0  Personnal  protection;  and 

0  Communications. 

A  three  zone  approach  (Support  Zone,  Contamination  Reduction  Zone  and 
Exclusion  Zone),  where  possible,  will  be  utilized  for  field  work  at  RMA. 

The  Support  Zone  will  contain  the  Command  Post  with  appropriate  facilities 
such  as  communications,  first  aid,  safety  equipment,  support  personnel, 
hygiene  facilities,  etc.  This  zone  will  be  manned  at  all  times  when  field 
team  are  operating  downrange.  Adjacent  to  the  Support  Zone  will  be  the 
Contamination  Reduction  Zone  (CRZ)  which  will  contain  the  contamination 
reduction  corridor  for  the  decontamination  of  equipment  and  personnel  (the 
actual  decontamination  procedures  are  discussed  in  Section  X  of  the  HASP). 
All  areas  beyond  the  CRZ  will  be  considered  the  Exclusion  Zone.  For  any 
building  investigation,  the  building  itself  will  be  defined  as  the  Exclusion 
Zone.  For  well  drilling  or  soil  boring  operations  the  Exclusion  Zone  will 
be  established  as  a  30  foot  radius  from  the  drill  rig.  These  support 
facilities  are  discussed  and  illustrated  in  Section  3. 

The  level  of  protection  to  be  worn  by  field  personnel  will  be  defined  and 
controlled  by  the  on-site  Health  and  Safety  Coordinator  and  will  be 
specifically  defined  for  each  operation  in  an  information  sheet  (Facility 
Information  Sheet).  The  preliminary  Facility  Information  Sheet  (FIS)  will 
be  developed  based  upon  historical  information  and  data.  This  will  be 
upgraded  and  utilized  for  future  operations  based  upon  the  results  of  the 
Health  and  Safety  portion  of  the  Buildings  and  Soil  Sampling  programs.  For 
these  programs,  Level  C  type  protection  will  generally  be  provided  for 
investigation  team  members,  however.  Level  D  type  protection  may  also  be 
utilized  as  appropriate  based  on  assessment  by  the  Health  and  Safety  Officer 
and  the  on-site  Health  and  Safety  Coordinator.  If  determined  necessary, 
changing  from  Level  C  to  A  protection  can  be  easily  achieved  in  the  field. 
This  can  be  accomplished  in  a  matter  of  hours.  Basic  level  of  protection 
(i.e..  Levels  A,  B,  C  or  D)  for  general  operations  are  defined  in  Section  VII. 
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Maintaining  proper  communications  among  team  members  (investigation  team  and 
Health  and  Safety  team  members)  during  field  Investigation  work  is  of  utmost 
Importance  for  the  protection  of  investigation  team  members.  The  methods  of 
communication  that  will  be  employed  are: 

o  Walkie  Talkies; 

0  Air  Homs; 

0  Hand  Signal; 

0  Voice  Amplication  System. 

For  external  communication  telephones  and  sirens  will  be  utilized. 

Section  VIII  explains  the  health  and  safety  monitoring  procedures.  A 
continuous  monitoring  of  the  working  environment  will  be  performed  to  ensure 
the  adequacy  of  the  level  of  personnel  protection.  Depending  on  the  history 
of  the  sampling  location  the  presence  of  the  following  parameters  will  be 
monitored: 

0  Army  Agents; 

0  Oxygen  Level; 

0  Explosive  Conditions; 

0  Organic  Vapors  Level; 

0  Inorganic  Gases  Level; 

0  [Xjst  Analyses. 

The  type  of  on-site  monitoring  instruments  to  be  utilized  includes  but  is 
not  limited  to  the  following  and  will  be  based  on  the  potential  for  the 
Instrunent  specific  contaminants  to  be  present; 

0  M18A2  Chemcial  Agent  Kit  for  Army  Agents; 

0  M8  Alarm  for  nerve  agent; 

0  Oxygen  meter  for  oxgen  level; 

0  Combustible  gas  indicator  for  explosive  condition; 

0  PID  and  FID  meters  for  organic  vapors;  and 

0  For  incganic  gases,  a  gold  film  mercury  monitor,  a  chlorine  monitor, 
a  carbon  monoxide  monitor  and  a  hydrogen  sulfide  monitor. 
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Based  on  the  monitoring  results  (real  time  and  field  or  laboratory  analyses 
of  the  health  and  safety  samples)  the  on-site  Health  and  Safety  Coordinator 
can  stop  field  investigation  work  or  upgrade  and  or  downgrade  the  level  of 
personal  protection. 

Section  IX  of  the  HASP  explains  the  safety  considerations  during  actual 
sampling  event.  It  describes  the  safety  procedures  to  be  followed  for 
drilling  operations,  soil,  surface  water  and  liquid  waste  sampling,  building 
sampling,  and  sampling  in  a  confined  space. 

The  emergency  procedures  are  described  in  Section  XII  to  XIV  of  the  HASP. 
Section  XII  explains  the  basic  emergency  scenarios  and  activities  to  be 
undertaken  during  each  of  these  emergency  situations;  Section  XIII  describes 
how  to  get  emergency  services  (i.e.  medical,  fire  protection,  ambulance, 
etc.)  and  Section  XIV  outlines  the  evacuation  procedures  in  case  of 
emergency  such  as  fire,  explosion,  and/or  a  significant  release  of  toxic 
gases. 


8.0  CONTAMINATION  ASSES3CNT 


The  objectives  of  the  South  Plants  Contaminant  Assessment  Program  are  to 
quantify  the  contaminants  present,  reference  the  extent  of  contamination, 
evaluate  the  factors  that  govern  contaminant  distribution  within  the  South 
Plants  Area,  determine  the  severity  and  significance  of  the  contamination, 
and  apportion  contamination  by  source.  In  order  to  accomplish  these 
objectives,  the  contamination  assessment  will  consist  of  the  following 
subtasks: 

1.  Determination  of  the  type,  magnitude,  distribution,  and  extent  of 
contamination 


2.  Examination  of  the  geologic  and  hydrogeologic  influence  on  the 
spatial  distribution  of  contaminants 

3.  Determination  of  the  relationship  between  the  contamination  of 
existing  buildings  with  historical  and  current  contamination  of  the 
surrounding  area 

4.  Estimation  of  the  significance  of  soil  contamination  (criteria 
development) 


Magnitude,  Distribution,  and  Extent  of  Contamination 


The  results  of  the  soil  boring  analyses  will  be  examined  to  determine  the 
presence,  quantities  and  extent  of  contamination  within  the  South  Plants 
area.  Compilation  of  soil-conoaminant  data  by  source,  location  and  depth 
will  provide  examination  of  the  areal  and  vertical  extent  of  contamination. 


The  chemical  data  will  be  integrated  with  the  soils  and  geohydrologic  data 
as  described  in  Section  8.2.  From  this  information,  the  types  and  concen¬ 
trations  of  contaminants  present,  estimates  of  the  lateral  and  vertical 
extent  of  the  contaminants  and  definition  of  contaminant  bouidaries  will  be 


evaluated.  Various  statistical  techniques  will  be  used  to  determine 


confidence  levels  of  the  data. 
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The  data  obtained  during  Phase  I  sampling  will  be  used  to  determine  the 
final  locations  of  Phase  II  borings.  Depending  upon  the  results  of  the 
Phase  I  survey,  it  will  either  be  necessary  to  extend  sampling  locations 
outward  of  the  suspected  contaminated  zone  boundary  or  to  use  Kriging 
techniques  to  site  the  Phase  II  borings.  Various  statistical  techniques 
such  as  analysis  of  variance  and  Kriging  will  be  used  to  determine  the 
confidence  levels  of  the  Phase  II  data  and  identify  the  boundaries  of 
contaminated  zones.  Kriging  methods  will  be  employed  in  a  manner  consistent 
with  that  described  in  the  ESE  Technical  Plan. 

Maps  and  cross-sections  will  be  prepared  to  illustrate  the  spatial 
distribution  and  to  delineate  the  existence  of  distinct  contaminant 
concentrations  gradients  in  the  proximity  of  sources  and  within  the  overall 
South  Plants  area. 

8.2  Factors  Influencing  Contaminant  Distribution  and  Mobilization 
8.2.1  Geologic  and  Hydrologic  Conditions 

The  hydrological  data  will  be  analyzed  in  conjunction  with  the  historical 
information  to  determine  the  influence  of  the  subsurface  geology  and 
hydrology  in  the  distribution  of  contaminants  in  the  ambient  soils  within 
the  South  Plants  area. 

Borehole  logs  of  both  cuttings  and  cores  will  be  compiled,  integrated,  and 
interpreted  to  formulate  a  site-specific  evaluation  of  geologic  conditions. 
In  addition  to  soil  logs,  geophysical  borehole  logging  (gamma  and  neutron 
logs)  in  the  groundwater  monitoring  wells  will  be  examined.  These  data  will 
be  used  to  complete  the  understanding  of  subsurface  geology.  Data  will  be 
presented  by  means  of  maps  and  cross  sections  of  soils  and  geologic 
materials  will  be  prepared,  illustrating  the  soil  properties  that  have  a 
direct  impact  on  the  retardation/ or  mobility  of  contaminants.  These 
graphical  presentations  will  be  developed  for  each  source  area  or  areas 
corresponding  to  cluster  of  sources.  Cross  sections  and  contaminant 
profiles  to  the  designated  depth  of  sampling  (groundwater  surface)  will  be 
developed  detailing  each  material  type. 


Hydrogeolagic  asncJltions  of  the  South  Plants  Area  will  be  assessed  following 
the  evaluation  of  previously  generated  hydrogeologic  data  and  data  collected 
during  this  investigation.  Groundwater  elevation  contour  maps  will  be 
constructed  using  measurements  from  newly  installed  and  existing  wells  of 
acceptable  construction.  The  groundwater  flow  rates  and  direction  within 
the  South  Plants  Area  will  be  estimated.  Specific  aquifer  characteristics 
will  be  determined,  from  slug  tests,  for  both  alluviun  and  the  Denver 
Formation  including  values  for  hydraulic  conductivity  and  transmissivity; 
estimates  of  porosity  and  storage  coefficients  also  will  be  made. 

Borehole  logs  and  hydrologic  data  will  be  evaluated  to  assess  the 
intercomectiveness  of  alluvium  and  the  Denver  Formation  within  the  South 
Plants  Area.  Groundwater  quality  data  from  this  and  previous  studies  will 
be  examined  to  confirm  the  relationship  between  water  from  the  alluvial  and 
Denver  Formations  and  to  assess  the  impact  that  the  specific  contaminant 
sources  have  on  groundwater  quality  in  both  formations. 

8.2.2  Contaminant  Properties  and  Geochemistry  of  Ambient  Soils 

The  distribution  and  mobilization  of  contaminants  are  functions  of  both  the 
molecular  characteristics  of  the  target  chemicals  and  the  physical/chemical 
properties  of  the  soils.  These  variables  will  be  examined  as  applied  to  the 
contaminants  of  concern  from  literature  data  and  measured  sedimentary 
properties  (soil  texture,  organic  carbon  content,  pure  water  pH,  and 
temperature).  Processes  such  as  biodegradation  and  sorption  will  be 
estimated  from  literature  data  (wherever  available)  and  incorporated  in  the 
data  analyses  to  estimate  the  contribution  of  these  processes  to  the 
observed  gradients. 


8.3  Relationshio  of  Existing  Building  Contamination  to  Past  and  Present 


Soil  Contamination 


The  analysis  of  the  Phase  lA  and  IB  building  and  Phase  I  and  Phase  II  soils 
data  will  be  used  to  identify  relationships  between  ambient  soil  and  source 
(building)  contamination.  This  relationship  will  be  determined  by  cotrparison 
of  the  chemical  fingerprint  of  each  source  to  the  chemical  constituents 


measured  in  the  surrounding  soils.  This  source-soil  methodology  will  be 
accompiisted  by  pattern  recognition  methods  applied  to  the  computerized  data 
base.  These  methods  will  allow  for  an  estimate  of  the  spatial  extent  of 
contamination  associated  with  a  building  and/or  cluster  of  buildings  and 
define  the  areas  which  may  require  cleanup.  In  addition,  these  analyses 
will  identify  the  need  for  additional  soil  borings  (increase  in  sampling 
density  and  change  of  grid  configuration)  to  better  delineate  the 
contamination  boundaries . 

8.4  Significance  of  Soil  Contamination  (Criteria  Development) 

Action  levels  for  the  target  chemicals  are  currently  being  developed  by 
USAMBRDL  in  coordination  with  the  "How  Clean  is  Clean"  Committee.  The 
approach  being  used  is  the  Preliminary  Pollution  Limit  Values  (PPLV)  method 
applied  to  five  contaminant  transport  pathways  consistent  with  the  proposed 
land  use  scenarios.  The  pathways  are:  1)  drinking  of  groundwater,  2) 
inhalation  of  soil  particles  (dust),  3)  soil  ingestion  by  children,  4) 
ingestion  of  vegetables,  and  5)  uptake  by  fish  and  wildlife. 

To  date,  physical/chemical  and  toxicological  summaries  of  55  target 
chemicals  have  been  prepared  by  USAMBRDL  and  are  currently  being  reviewed  by 
the  members  of  the  "How  Clean  is  Clean"  Committee  together  with  the  overall 
PPLV  methodology.  So  far,  a  number  of  problems  have  been  identified  with 
the  method  as  currently  implemented  by  USAMBRDL.  These  are  related  to:  the 
mathematics  of  the  model  equations,  the  computation  of  partition 
coefficients,  the  assumptions  in  estimating  dose  rates  and  the  treatment  of 
uncertainty . 

Ebasco  will  prepare  a  careful  and  rigorous  technical  review  cf  both  the 
general  methodology  and  the  specific  PPLV  calculations  performed  for  each 
chemical  to  provide  USATHAMA  with  a  scientifically  sound  set  of  values.  The 
review  and  computational  refinements  will  address: 

o  Correctness  of  mathematical  expressions  and  units 

0  Validity  of  assurjptions  and  reasonableness 

0  Estimation  of  uncertainty  in  all  variables  and  constants  used, 
especially  the  ADI  values  and  partition  coefficients 
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The  uncertainty  in  the  conputed  PPLV's  for  soils  for  each  pathway  model  will 
be  estimated  by  using  a  probabilistic  model.  This  method  involves 
specifying  the  imputs  as  probability  distributions  and  propagating  them 
through  the  model  using  Latin  Hypercube  Sampling  (LHS)  with  random  pairing 
of  the  inputs.  These  analyses  will  produce  a  distribution  of  soil 
concentrations  vs.  the  cumulative  probability  that  the  soil  concentration  is 
safe.  Figure  8.4-1  shows  the  results  of  this  methodology  for  a  hyoothetical 
contaminant  X  and  three  different  pathways.  The  abscissa  is  the  log  maximum 
allowable  contaminant  concentration  in  the  soil  and  the  ordinate  is  the 
probability  that  a  given  soil  concentration  will  result  in  an  exposure  equal 
to  the  acceptable  value.  The  plot  is  read  by  picking  a  desired  confidence 
level  and  reading  off  the  corresponding  soil  concentrations. 

Also  indicated  on  the  figure  is  the  maximum  soil  concentration  of 
contaminant  X  measured  at  the  hypothetical  site.  This  concentration  is  the 
relevant  comparison  point  for  the  drirtcing  water  pathway.  For  the 
inhalation  pathway,  safe  soil  concentrations  should  be  compared  to  site 
specific  concentrations  at  the  surface  and  the  crop  pathway  should  be 
ccmpared  to  maximum  concentration  in  the  root  zone,  i.e.,  the  top  0.5 
meters.  As  shown  for  contaminant  X,  there  is  a  95  percent  probability  that 
the  maximun  contaminant  soil  concentration  is  unsafe  through  the  ingestion 
of  groundwater.  There  is  a  60  percent  chance  that  the  crop  pathway  will 
lead  to  an  inacceptable  dose.  Note  also  that  there  is  no  chance  that  the 
levels  of  contaminant  X  are  unsafe  through  inhalation  of  resuspended  soil. 

The  information  depicted  in  these  distributions  indicates  the  remedial 
objectives  for  such  a  site  even  when  significant  technical  uncertainties 
exist.  Any  remedial  action  chosen  for  this  site  must  prevent  or  mitigate 
the  migration  and  exposure  through  the  ingestion  of  crops  grown  onsite  and 
the  ingestion  of  groundwater  from  the  underlying  aquifer,  given  that 
probabilities  of  unsafe  doses  discussed  above  exceeds  the  required 
confidence  level  to  provide  adequate  protection. 
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FIGURE  8.4-1  PROBABILITY  DISTRIBUTIONS  REPRESENTING  DEGREE  OF  CERTAINTY  THAT 
VARIOUS  CONTAMINANT  (X)  SOIL  CONCENTHATIONS  WILL  RESULT  IN  AN 
ACCEPTABLE  DOSE  LEVEL  ^ 


Figure  8.4-1  shows  that  the  distrjisution  of  soil  concentrations  over  the 
range  of  0  to  100  percent  probability  of  acceptable  dose  ha'^e  a  high 
variance.  The  crop  pathway  spans  over  five  orders  of  magnitude  and  the 
drirt<ing  water  and  inhalation  pathways  span  over  three  orders  of  magnitude. 
This  indicates  that  selecting  a  remedial  action  based  on  the  median  value  of 
the  soil  concentration  could  lead  to  a  dose  above  the  maximun  allowed. 


